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TAG SAYBOLT 
VISCOSIMETER 


—with Motor Stirrer and Auto- 


matic Temperature Control 


DDED convenience, much 

more accurate determinations 
and the resultant lessening in the 
time required for the tests, make 
it almost imperative that you re- 
place your old Saybolt baths with 


this remarkable new one. 


Here are some of the new features. 
Temperature of bath held con- 
stant to + 1/10 F. at any test point 
between room temperature and 
220" Es «<0 
of pilot lamp which 
whether contacts are 
A flickering light, seen 
from any part of the room shows 


Easy setting by means 
indicates 
open or 


closed. 


that bath is being controlled and 
is operating properly . . . Sticking 
contacts_ prevented by vibrating 


contact actuated by cam on 


Write for complete information and prices on the 1|-tu 
4-tube TAG Saybolt Viscosimeter and learn about 


and 
liberal allow ance offer for 


old type 


propeller shaft... Inex; 
easily replaceable heatir 
. Easy access to tubes 
top and bottom... Heats 
to any test point with oil 
instead of water .. . Adeg 
ring ... New, easily 
simple electrical stirrer 
uniformity of temperat 
maintains proper 
between tube temperatur 
bath temperature, as req 
the American Society for 
Materials... 
Standard Viscosimeter tubs 


\ 


The origina 


with or without interchang 
Universal and Furol 


retained. 


he 


Saybolt Viscosity b 





.J.TAGLIABUE MFG. 


PARK AND NOSTRAND AVE'S., BROOKLYN, N. Y. 
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This new two-element 
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heating 
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easily reac 
stirrer insur 
m perature 
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m perature 
, aS required? 
‘iety for Testin 
original Sayb 
1eter tube eit! 
interchangea? 


‘urol orifice 


1-tube, 2-tub 
irn about 


‘iscosity bat 
Described in Bulletin 
GEA-1209A. 


OSCILLOGRAPH 
is a simple, portable 


instrument 


, | THIS portable oscillograph is self-contained, 
and weighs only 30 lb., including the acces- 

sories in a built-in compartment. 

It is an entirely new design for observing and 

photographing the wave shapes of the circuit cur- 

rent and voltage, just as an ammeter and a volt- 

meter indicate the effective value of current and 

voltage. 

For use in the field, in the laboratory, or in the 

classroom, this oscillograph is truly portable, 

shows wave forms in proper phase relation, and 

is so simple that anyone can operate it. 

The case is of high-grade walnut. 


610-52D 


GENERAL ELECTRIC 


SALES SSLES AND ENGINEERING SERVICE IN PRINCIPAL CITIES 





When writing to the above company, please mention I> 
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TRANSFORMERS 


+ 
— Li 0727€ _iomageom= twenty-one cur- 


rent transformers into one 
easily-carried unit which occupies 
little. more than a cubic foot of 
space, is one of the ways in 
which Westinghouse reduces 
effort and laboratory costs. 


This unit not only combines 
twenty-one separate transformers, 
but also eliminates twenty of the 
twenty-one calibration curves. In 
other words, all ratios have the 


Same accuracy curve. 


A Hipernik core assures you of a 
unit of extraordinary accuracy 
because Hipernik has three times 
the permeability of the best sili- 
con steel with but one-half its 


losses. 


Ask our nearest sales office for 
complete information about this 
new Multi-range Current Trans- 
former for intermittent service 


as a laboratory standard. 








" Westinghou se 


Tune in the Westinghouse Salute over the N. . Nation-wide Network every Tuesday eve 
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MERCURY DRAIN 





CROSS SECTION DIAGRAM BROWN MANOMETER, MODEI 


Low Pressure Flow Meter 
Manometer 


A steel bell floats in mercury within a pressure “sept casing. The 
high pressure orifice tap opens into the under side of the bell, the 
low pressure tap connecting with the chamber outside the bell. 
Flow changes creating pressure differential variations cause the bell 
to rise or fall, this motion being converted electrically into flow 
readings by the Brown inductance bridge system. 

Details on reque 


THE BROWN INSTRUMENT COMPANY 
4482 Wayne Ave., Philadelphia, Pa. 
Branches in 20 principal cities 


To Measure is to Economize 


_ Brown Electric Flow Meter 


on the Inductance Bridge Principle 
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MANUAL 6 
AUTOMATIC 7 











W hen competition's keen 
its Control That Pays 


Temperature 
controller 


Motor oper ating 
both globe and but- 
terfly valves 


Relay for the control of electric 
heaters, and motor valves of oil 
or gas fired furnaces 


ng 


You score an added sales point when you 
tell the buyer that Minneapolis-Honeywell 
controls are on your furnaces, ovens or 
kilns. For the close temperature control 
provided by a Minneapolis-Honeywell sys. 
tem insures product uniformity. At th 
same time it reduces product spoilage, 
speeds up production and saves time and fuel 


Our motorized valves regulate the flow 
of gas, oil, air and steam. Our relays op- 
erate electrically heated furnaces and thi 
larger motorized valves. Our temperaturs 
controllers operate over a wide range; and 
for high temperature installations our 
equipment is used with any pyrometri 
controller. 


You can have Minneapolis-Honeywell 
controls installed NOW, on your present 
equipment; or you can specify them for the 
equipment you are buying. 


Send for our free illustrated catalog today 


MINNEAPOLIS-HONEYWELL REGULATOR Co. 
2735 Fourth Ave. So., Minneapolis, Minn. 
In Canada: Minneapolis-Honeywell Regulator C 
td., Toronto. 
Branch Offices: New York, Philadelphia, Bostor 
Providence, Detroit, Cleveland, Chicago, St. | 
Milwaukee, San Francisco, Syracuse, Rochest 
Indianapolis 


Distributors in all Principal Cities 


MINNEAPOLIS 


INDUSTRIAL REGULATORS 


HONEYWELL 
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MEINTATURE 
PDORTAB ae A.C. r[ HESE instruments 


are widely used as 
ins 8 | D UME , ¢ sf auxiliary laboratory 
equipment and for field 


testing because of their 





handy size, compact construction, and low cost. Even though they are small, 


hese instruments possess unusual electrical characteristics and fine constructional 


features. 
These instruments consist 
598 A. C. Voltmeters and Ammeters, enclosed in sturdy, attractive, mottled, red 
and black Bakelite cases. 
The meters are of the Movable Iron type (accuracy 2°) and may be operated 


continuously at full scale value—responsive and excellently damped—open scales 


of Model 539 Current Transformer and Model 


almost to zero position with zero adjuster provided for pointers. Size: 3.9 x 3.2 x 


inches. Weight: 11 ounces. 


Model 528 Voltmeters are made in double and 
triple range combinations with high internal resis- 
tance. Self-contained for ranges up to 600 Volts. 


Model 528 Ammeters an! \ illiammmeters 
are made in single ranges. The Ammeters have 
ratings from 1 to 50 amperes and the Milliammeters 
from 15 to 500 Milliamperes. 


Model 539 Current Transformer permits 
measurements from 0.2 to 200 amperes. It has four 
self-contained primary ranges—2, 5, 10, 20 amperes 
(selected by a self-contained fool-proof and positive 
switch) and three inserted primary ranges of 200, 
100, and 50 amperes, (procured by passing the con- 
ductor 1, 2, and 4 times through the hole in the 
transformer). Secondary burden two Volt-amperes. 
Maximum working range of 750 Volts. Accuracy 
1% on frequencies from 25 to 150 cycles. Size: 


5! 9X 4! x X 1% inches. Weight ° 25% pounds. 


For prices and complete descriptions of single instruments 
or sets, write for circular D. S. 528-539. 
WESTON ELECTRICAL INSTRUMENT CORPORATION 
191 Frelinghuysen Ave-, Z Newark, N. 


eee BION EERS™ 
\A SINCE 1888 


Metis 
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The pressure on the lines is above 1200 Ibs. 
Inside, the fluid-molecules are traveling at a 
dizzy pace. A_ bruising bombardment is 


under way. 


High Pressure Lines should be Metered—but 
Safely. Safety demands Foxboro High-Pres- 
sure Meters. They are built to withstand the 


bruising bombardment. 


Their pressure chambers are forged in one 
piece from virgin steel ingots—then, lathe- 
turned to the required shape and size. That is 
only one of the reasons why these new Meters 
can stand the High Pressures with absolute 


safety. 


Write today to Dept. A. E. for your copy of , _ 
- - - Foxboro High-Pressure 
**Foxboro High-Pressure Flow Meters.”” Flow Meters for Working 
Pressures to 5000 pounds 
Tested at 15.000 Ibs. Hyd 

raulic Pressure. 


FOXBORO HIGH PRESSURE METERS 


THE FOXBORO COMPANY 
NEPONSET AVENUE, FOXBORO, MASS., U. S. A. 


New York Pittsburgh 


a , Rochester, N. Y 
San Francisco *ortland, Ore 
Salt Lake City O BOR — : 
Chicago Los Angeles 


Clevel 
eveland REG. U. S. PAT. OFF. Dallas 


Philadelphia THE COMPASS OF INDUSTRY baieatn 


Instruments for Controlling, Recording and Indicating Temperature, Flow, 
Humidity and Pressure. 
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IN ANY INDUST 


ESTERLINE-ANGUS 


_) METERS PAY 


THEIR OWN WAY 


HAT is it that you want to know about the opera- 

tion of your plant? Do you want to “check up” 

on your power charges, energy consumption, or “‘de- 
mand” rates? Would you like to have positive data on 
the condition of equipment; the efficiency of labor; 
or the processing of important units of production ? 


In all of these ways—and in so many more that 
it is impossible to list them here—Ester- 
line-Angus Graphic Recording Instruments 
prove superior, more dependable, less ex- 
pensive and more convenient, than any oth- 
er type of meter on the market. 


May we send you our literature ? The Ester- 
line-Angus “Graphic” is a monthly publica- 
tion of technical and informational data on 
graphic meters. A postal card request will 
place your name on our list to receive it 
regularly, 

















My. oe 


THE ESTERLINE-ANGUS COMPANY 
INDIANAPOLIS, INDIANA, U.S.A. 


Ploneers in the Manufacture of Graphic Recording Instruments 


When writing to the above company, please mention INSTRUMENTS 
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High Sensitivity — 
RAWSON METERS 


Single or Double Pivot. For use with PHOTO CELLS 


Scale Over 3” Long 


Size 
5” x 434” x 214” 
Height over all 3” 


RAWSON JUNIOR MULTIMETER 


Twelve Ranges—1 microampere to 1 ampere (1,000,000 mics) 
20 microvolts to 1000 volts 


Just 3 Binding Posts and 1 Selector Switch 


Specially suitable for covering both minimum and maximum readings on 
separate mounted thermo couples in vacuo 
For High Frequency Work, also with photo cells. 


RAWSON 
ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 
CAMBRIDGE, MASS. 
Branch Office: Mid-Western Representative 
91 Seventh Avenue EARL N. WEBBER 
New York City Daily News Bldg., Chicago, I! 
Also Manufacturers of AC or DC Thermal Multimeters, Microammeters, 
Milliammeters 2nd Ammeters, Microvoltmeters, Millivoltmeters, and Voltmeters, 


Cable Testers, Timers, Earth Current-Meters, Fluxmeters, Thermo 
Junctions, Electrostatic Voltmeters, Wattmeters, etc. 


Write for bulletins. 
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DALLWITZ-WEGNER 


RAPID 
VISCOSIMETER 








This new, patented, quick-reading viscosimeter, 
devised by Dr. R. v. Dallwitz-Wegner, is furnished 
with a direct-reading scale with two ranges and has 
the oil conveying mechanism and the scale-tube as- 
sociated in one body. The arrangement of the ap- 
paratus reduces the amount of oil which is required 
fora test to a very small quantity (about 30 cc. or 
one fluid ounce), and 10 to 100 seconds suffice to 
determine viscosities up to 50 units. 


Descriptive Literature sent on request. 
— 
Sole Distributors 


AKATOS, Inc. 


Engineering Building 114-118 Liberty Street 
NEW YORK, N. Y. 
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Measuring Microscope 
—for Quality Control 


AND now Bausch & Lomb presents an 
instrument having many applications 
both in the machine shop and in the 
laboratory. The Shop Microscope is a 
small, portable microscope, carrying its 
own illumination. It contains a microm- 
eter in the eyepiece wherewith exact 
measurements can be made to one thou- 
sandth of an inch and one-fifth of that 
interval easily estimated. 


For examining the edges of cutting tools, 
examining surfaces for cracks and blow 
holes, measuring the diameters of Brinell 
impressions, inspection of machinery for 
evidences of wear— in fact, there are so 
many uses for the Shop Microscope that 
it is practically impossible to enumerate 
them. 


Magnification is 40X, field up to 7/32”. 
Micrometer scale, 1/10”, is graduated 
into 100 parts with every tenth line 
numbered. 


B aL Shop Microscope Send for catalogs giving information on 
this and other instruments for shop use. 


BAUSCH & LOMB OPTICAL CO. 
615 St. Paul Street « » Rochester, N. Y. 


ae 7° 
Makers of Orthogon Eyeglass Lenses for Better Vision CACATER vition Tuneuen 


BAUSCH 
TLOMB 
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LG&N No. 4725 Wheatstone Bridge 


For Routine Laboratory Resistance Measurements 


No. 4725 Open Dial 
Wheartstone Bridge. . .$175.00 
1/6 Actual size—Cover not shown 


HE dial construction of this bridge allows very rapid 

operation and the limit of error of 0.05% is small 
enough for most work. Five decades are provided each 
having nine coils, except the 0.1 ohm decade, which has 
ten coils to permit interchecking the dials. Two ratio 
coils of each value are provided, and any coil can be 
connected in either arm of the bridge. When using a 
1 to 1 ratio the equality of the ratio arms can be checked 
by reversing them, and when using an uneven ratio, 
duplicate coils serve as a check on each other. The coils 
are’ wound on metal spools soldered directly to rods 
integral with the exposed switch contacts, the contacts 
serving as heat radiators. The black metal case is 
perforated not only to assure good ventilation tn air but 
to permit the box to be immersed in an oil bath. The 
coils dissipate 0.5 watt each. The metal parts are 
heavily nickel plated and the top plate is polished hard 
rubber. The instrument has a polished mahogany covet 


Write for Catalog 40-1 


LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA. 


NORTHRUP 


HUMP AND HOMO HEAT TREATING FURNACES ELECTRICAL MEASURING INSTRUMENT 
AUTOMATIC COMBUSTION CONTROL POTENTIOMETER PYROMETERS 














G-195 
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To Our Readers 
WHICH ARE THE INDUSTRIAL INSTRUMENTS? 


MOST interesting by-product of the serial publication of “The 

Handbook of Industrial Instruments” is the receipt of suggestions for 
including various instruments. Many writers evidence keen eagerness, 
is if they were sponsoring candidates for membership in an exclusive club. 
Being open-minded, the publishers of INSTRUMENTS and the author 
of the Handbook appreciate all such suggestions. In fact this is a request 
for more. 

At the same time we wish to make it plain that the author’s selections 
and rejections are never arbitrary, but always based on relative importance, 
on relevancy, and on practical value to engineers and plant executives, as 
set forth in his opening article last January. The question ‘What are 
industrial instruments?” resolves itself into a multitude of questions 


Under each object of measurement, such as temperature, the specific question 
is and will continue to be, “Which are the industrial instruments?” 
In other words, where to draw the line under each heading. But what 


are the headings? Which classes of measurements are to be included and 


which excluded? The recent manifestations of interest, brought to our 
engineering editor s attention, elicited the following memorandum: 

The answer to this question involves the state of the art. Tt ntific instrument of yesterda 
trial instrument of today. A few year lensit 

re are instruments Ww hich n t only contir Isiy I 

but control it automatically. These are industrial instru 

Today there are no industrial ins t 
struments. Tom« row one may De invent 
stock whose hardness is con lied tf in F ry Dt ] i Iring t 

Perhaps that is why industrial instruments had nev en defir fore INSTRUMENTS and 
the job. Perhaps that i 1 control | ver 
before I drew up the « 
remain a reporter, this tabulation 
ments in the way of “indust 


truments pet 


This “flexible” classification of all industrial instruments, on which the 
whole plan of his handbook is based, answers so many questions and suggests 
so many new discussions that we now publish it, on pages 656 to 658 of 
this issue—a year or more before completing the serial publication of 
the book . . . not in order to settle the matter once for all but, on the con- 
trary, in order to elicit more suggestions from instrument makers and instru- 
ment users. Our readers are asked to observe the following directions: 


Refer to the table 
Use a separate sheet for every heading. (A reader 
area should use three separate sheets 
3. Same for communica 
ler send information at 
1 use two sheets 
State reasons for assertions 
Name and address at tl 
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The Handbook of Industrial 
Instruments 
M. F. Béhar* 


CHAPTER IX 


Industrial Humidity Instruments 
(Concluded) 


6. Recording Instruments 
One classification is given in Table IV, from which it may be seen that 
only psychrometric and hygroscopic recorders are on the market at the 
present time. Another classification, perhaps more convenient to users 
hecause based on records obtained, would be as follows: 
1. Two-pen instruments which record dry-bulb and wet-bulb temper 
itures separately. 
2. Single-pen instruments which record relative humidity: 
a. Psychrometric. 
b. Hygroscopic. 
3. Absolute humidity recorders (thermal-conductivity). 


(1). Two-Pen Recorders 

Most industrial forms of humidity recorders are two-pen recording 
thermometers, one pen recording the temperature of a dry-bulb, the other 
pen recording on the same chart the temperature of a wet-bulb. These 
instruments may be self-contained for room use, or provided with a pair of 
flexible connecting tubes enabling the relative humidity of the air in a dryer, 
kiln, or other confined space to be recorded on a remote panel board. Except 
for the appearance of the bulbs (especially of the wet-bulb arrangement), 
these instruments are recording thermometers of either the pressure 
spring or electrical resistance classes, and as such require no special descrip 
tion here, having been discussed in earlier chapters. The length of connect 
ing tube and other characteristics of pressure-spring thermometer systems 
have been summarized in Table I. With resistance thermometers there 
are the advantages of long distances and of multi-switching possibilities. 
With pressure-spring systems, however, for longer distances than con 
necting tube limits, remote electric systems are in use, the wet-bulb and 
dry-bulb actuating a pair of transmitting mechanisms which in turn operat 
the two pens of the remotely located recording instrument. 

Some instrument-makers recognize in their literature a distinction 
between recording hygrometers and recording psychrometers: If the 
bulbs are “stationary, that is to say, exposed to the circulation which 
prevails in the room, duct, kiln, etc., where they are located, the entire 
outfit is styled a recording hygrometer by these manufacturers; while if the 
bulbs are located in a pair of tunnels through which air is circulated at high 
and constant velocity by means of an exhaust fan, or if the wet-bulb alone 
is located in a spray chamber, then the instrument is listed as a recording 


*Engineering Editor. 
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psychrometer. This is a logical distinction. All such instru: 
course, whether of the distance or wall form, are two-pen record 
mometers, which are all convertible from “psychrometer™ to hygr 
or vice versa according to the disposition of the wet-bulb, whic! 
called an accessory. 

Nevertheless, while the wet-bulb arrangement is a minor cot 
feature as compared with the essential constructional elements of 
pen recording instrument, it is of prime importance with regard to t 
pose of the instrument. If such purpose is the exact measure: 
humidity, the equivalent of a spray or aspiration psychrometer is pri 
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by far to the equivalent of a stationary hygrometer. Hence the variet 
of devices on the market pertaining solely to the bulbs. Instrument 
manufacturers have given a good deal of thought to this problem. 

An arrangement of bulb tunnels and exhaust fan in connection with 
dry-bulb and wet-bulb recording thermometer was first brought out, it 
believed, by the Bristol Company even before Carrier and others de 
strated the unreliability of wet-bulb readings in still air. Fig. 185 shows 
modern form of a self-contained two-pen recording psychrometer. Si 
instruments are made today by most manufacturers of recording the 
mometers and provide records whose accuracy is at least equal to that of th 
readings taken with a sling psychrometer, and whose value is greater 

Improvements have also been made in recent years in the bulb brackets 
wet-bulb moistening devices, etc., for the kiln or duct humidity recorders 
The bulbs are now so attached as to be exposed to the prevailing circulatiot 
instead of being placed in “air-pockets” as in some earlier models. Aut 
matic reservoirs can now be relied upon to keep the wet-bulb covering 
saturated at all times. Mention may be made, too, of the substitutior 


4907 


by the Foxboro Company, of a porous sleeve for the usual wick. Fis 
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chows the usual construction of a duct or kiln hygrometer, consisting of 
. tworpen recorder, a pair of connecting tubes, and a bracket arrangement 
for the dry-bulb and wet bulb. | 

A point worth remembering in connection with all distance hygrometers 
is that the temperature of the wet-bulb is lower than that of all or a part of 
the connecting tube which leads from the wet-bulb to the recording instru- 
ment. Therefore, when a vapor-pressure thermal system is employed, it 
must be of the “adjusted” class. In other words the spring must respond 
to the vapor pressure in the bulb regardless of vaporization effects elsewhere 
in the system. 


HUMIDITY RECORDERS 


Fig. 187. Diagram showing relation 
of dry-bulb and wet-bulb temps 
tures at various percentage 
relative humidity. This principle is 
utilized in two-bulb direct-reading 
recorders, and also in some automatic 
relative humidity controllers. (Leeds 
€& Northrup Co 
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(2a). Psychrometric Single-pen Instruments 

Brief descriptions were given under indicating instruments, of “effective 
temnerature’’ thermometers in which the height of the mercury column 
depends on the temperature of the dry and wet portions of a single bulb. 
From a study of any psychrometric table it can be seen that relative humid 
ity isa function of dry-bulb temperature and wet-bulb depression. There 
fore it is possible to construct a two-bulb thermal system whose spring will 
deflect in proportion to the percent of humidity, provided only that the 
wet-bulb temperature be the true temperature of adiabatic saturation 
which calls for a spray or aspiration arrangement. The application of this 
idea to recording thermometers of the mercury or gas-filled thermal system 
classes does not appear to have been exploited industrially, up to the date 
of writing. (With vapor-pressure systems, of course, connecting two bulbs 
to one spring would not serve the purpose—the only temperatur led 
would be that of the hotter bulb.) On the other hand, its application to a 
pair of electrical resistance thermometer bulbs has been developed fully. 
The Leeds & Northrup Company has worked out the electrical circuit 
and placed on the market a relative humidity recorder which gives the 
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percent relative humidity directly. The electrical recording ir 
is a potentiometer and the record is in the form of a strip-chart. 
ull of the two-pen humidity recorders are of the round-chart type 
Fig. 186 shows the complete equipment which is of the dist 
and comprises two units—the recording potentiometer, which 
special description here (this make of potentiometer having be 


described in the chapter on Temperature Recorders) and the we 


bulb apparatus shown in the foreground of the illustration. 
bulb apparatus shown in the f ind of the illustrat 

comprises two similar electrical resistance thermometer bulbs mount 
tunnel through which a stream of the air under test is drawn by 


exhaust fan. Provision is made for keeping the surface of one of the 
wet. 


The temperature-sensitive element of each bulb is a flat coil of pure nickel wire 
a mica strip and laid between two similar strips to insulate it from the metal case wl 
closely. Each thermometer bulb is connected to the recorder by a cable of four 
Two conductors in the cable are connected with the terminals of the resistance ther: 
coil, and the other two are connected to the terminals of a compensating loop circuit 
the thermometer case. With this type of connection the length and therefore the r 
of the conductors, and any change in resistance with change in temperature, have r 
on the record. 

An explanation of the theory of the instrument, by its makers, now follows: 
With the instrument here considered the relative humidity is determined from tl 
atures indicated by two electrical resistance thermometers in a current of the air 
thermometer bulb is saturated with water and the other is dry. Since the humidi 

pletely defined by the wet-bulb and the dry-bulb temperatures, the problem i 
instrument which will automatically compute and continuously record the relative 
corresponding to these two temperatures. 


j 
| 
} 


The method by which this is accomplished is | 1 on the relation between wet 
= a wee ice ghee n F 7 We 
bulb temperatures and relative humidity shown in Fig. 187. et-bulb temper 
plotted as ordinates and dry-bulb temperatures as abscissae. Each slanting full line rep: 
corresponding wet- and dry-bulb temperatures for one value of relative humidit 


wet-bulb temperature W and the dry-bulb temperature D locate a point on one of t! 
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if other temperatures Wa and Da locate another point on the same line, the relative humidity 
‘the same as for Wand D. The temperatures W and Da locate a point on some other line 
snd therefore indicate some other relative humidity. The important feature of the relation 
; that the humidity lines are accurately straight. For convenience it may | 
broken line extensions all meet at the same point, although this assumption is not involved 

i. the design of the recorder d 
The slope of the lines uniquely defines the humidity, so that if the motion of the recorder 
is made to represent the slope, the scale of the instrument can be calibrated in percent 


pen 1 


> sclhImed 
xe assumed that 


1 


relative humidity, and the record will show that ratio directly. Any corresponding wet 
nd dry-bulb temperatu-es, as W and D or W and Da, locate a point through which only one 
humidity linecan be drawn. The slope of the line is defined by the relatior T4+HB 
» which A and B have the significance indicated in Fig. 187 

“The recording instrument is a standard L & N Recorder for use with resistance ther 
mometers, with a special combination circuit for recording relative humidity directly, within 
the limits of 20 and 100 per cent. Since the method involves evaporation of water from the 
wet-bulb, the lower limit of air temperature at which the equipment will record humidity 
-orrectly is fixed by the freezing point of water. The upper limit is about 175 deg. F. (80 deg 
C.) dry-bulb temperature. Within this range the recorder is sensitive to a change of about 
0.5 percent relative humidity. The limit of error in its performance is within 1.5 percent 
relative humidity. 


(2b). Hygroscopic Recorders 


Without retracting any part of the discussion on indicating hygr scopes 
in Section 5, it may be mentioned —now that we are discussing recorders 
that the cost of the sensitive element of any recording instrument is but 
, small portion of the cost of the entire instrument. This practical com 
mercial consideration is the reason why there are on the market severa 
makes of dependable hygroscopic recorders. The careful selection, treat 
ment and factory calibration of the sensitive element, which labor cost and 
competitive conditions would preclude in the case of indicators, are made 
possible in the case of recorders. Human hairs and strips of animal mem 
brane are principally used in the industrial forms of such instruments. 
Considerable sensitivity is obtained. As to accuracy, owing to the nature 
of the primary element, it may be said to be “high but impermanent.” 
That is to say, such instruments are capable of furnishing records of humid 
ity within 0.5% of the true value—but only for a rather indefinite period 
following calibration. The subject being controversial, it may be closed 
with the remark that one source of information insists that hygroscopic 
recorders should be calibrated daily or at least weekly (depending on varia 
tions in temperature and relative humidity), while another reports instru 
ments giving “satisfactory” records after several months of constant use 
without any adjustment whatever, and after years with but little attention. 

Of the many hygroscopic recorders on the market, it is a pleasure to 
report that America now produces the best. A combination temperature 
and humidity recorder is shown in Fig. 189. The manufacturers assert that 

“This instrument employs actuating elements selected long ago by the United States 
Weather Bureau as standard means for reproducing air conditions graphically. They are 
the bourdon tube for temperature and human hair strands for humidity. No recent scientifi 
developments have disclosed a more practical nor more permanent means for translating 


f 
changes of air temperature and humidity into mechanical m>tion than these two elements 
afford.” 


1 
| 
I 


The humidity element is a set of processed human hairs. Note their 
“multiple banjo spread” arrangement. The temperature element is an 
alcoholfilled gold-plated pressure-spring of the bourdon tube form. Re 
cords are produced on five-inch wide daily or weekly strip-charts on which 
the relative humidity scale is 0 to 100% and the temperature scale either 
10 to 110°F or —30 to +70°F. (Either range may be used on the same 
instrument). 
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(3). Absolute Humidity Recorders (Thermal Conductivit 

This is a recent development by the Leeds & Northrup Company 
following is abstracted from that Company's description of one inst! 
especially made for the Bell Telephone Laboratories, capable of acc 
one-twentieth of one percent relative humidity and sensitive to a ch 
onefiftieth of one percent relative humidity, when the temperatur: 
air is 25°C 

Two fine platinum wires are placed axially in 
two tubes of metal, and are insulated from the 
metal. One tube is sealed with dry air in it. 
The other tube is connected so that the gas to 
be analyzed passes through it and over the wire 
The two wires are connected in a Wheatstone 
bridge circuit. The cell as actually used is shown 
diagrammatically in Fig. 190. The two tubes S 
and X are formed by drilling holes in a solid block 
of metal, and are .0375 inch in diameter and 4.5 
inches in length. The wires are sealed into the 
tubes at the top by glass-platinum seals. Heavy 
platinum is used as lead-in wire; the fi 
inum wire, 0.002 inch in diameter, 
soldered to the lead-in wires 


Leads to 


circuite 


The outstanding feature of _ cell,as shown Section at 

in Fig. 190, isthe method of admitting gas to the 

X or analyzing wire. The gas sample is passed 

continuously downward through the tube C. A small portion 
of the sample passes through the tube A into the gas cell, X. 
Here it is heated by the fine platinum wire, which attains a ten 

perature of approximately 210°C, and consequently rises. It 
passes out of the cell at the top, through the diagonal tube, B, 
and reenters the main gas-samp sle tube, C, at a point opposite the 
opening A through which it canal the cell X. This flow of gas 
is produced by the difference in weight of the two columns of 
gas—one in the cell X at high temperature and one in the tube B at 
lower temperature. The essential fact, however, is that the tubes 
A and B join the main gas-sample tube, C, opposite each other. 

Thus there is practically no pressure difference between the inlet 
and the exit of the cell X, and the flow through the cell X is dependent only on the p! 
wire temperature, being practically independent of the velocity of gas flow through tl 














It was desired to have the recorder accurate to +0.05 per cent relative humidit 
range from 0 to 10 percent relative humidity at 25°C. Calculating the thermal cor 


of a mixture of water vapor and air at this upper limit of 10 percent at 25°C from the equat 


of Gruss and Schmick we obtain 1.00116 referred to air as unity. The difference | 
1.0000 and 1.00116 represents the limits within which the recording apparatus sh 
tion. This range is determined, however, for the gaseous mixture at 82.2°C, while 
thermal-conductivity cell described here the mean gas temperature is about 100°C 
the temperature coefficient of thermal conductivity of water vapor is not known 


proximately, it is possible only to estimate the sensitivity of the gas-analysis cell fror 


value derived from the work of Gruss and Schmick. A sensitivity of +0.05 per cet 
humidity is therefore equivalent to a change of the order of 0.0000058 in the therma 
tivity of the gaseous mixture. 


To use the range of the recorder to measure humidities other than those included i 


narrow range of 0 to 10 percent relative humidity at 25°C it was found possible t 
the Kohlrausch slide wire in terms of relative humidity at 25°C. That is, by 
recorder galvanometer as an index of zero current condition (the recorder being set at 
the scale), it was possible to plot acurve of slide-wire reading versus relative humidity 

A multiple-range recorder was finally constructed, however, which enables tl 
measure humidity using a single gas-analysis cell and recorder, in the following rat 
0-20, 0-50, and 48-98 millivolts. The first two ranges will cover from dry to sat 
at 25°C. The last two ranges are useful for measurements of high humidities 
temperatures. The absolute precision and accuracy are, of course, reduced at t 
ranges. 
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On the 10 percent range the recorder is sensitive to a change of +0.02 percent relative 
humidity at 25°C. The accuracy is +0.05 percent relative humidity at 25°C. For an instru- 
ment of such a low range this accuracy is far better than any heretofore obtained on a self- 
recording apparatus, and is sufficient for the purpose for which it was designed. Further 
work in progress bears promise of ircreasing the accuracy by a considerable amount. 

While the application of the thermal-conductivity method to the deter- 
Prien of water vapor is particularly successful where very low humidities 
:re to be measured, it also should have a considerable field in applications 
where greater ranges of humidities are to be measured. This is particularly 
true where it is desired to measure and record humidities in an enclosure 
without introducing any water vapor by the use of the measuring ap- 
paratus, as would be done if the wet-and dry-bulb thermometer were used. 
The greatest advantage of this instrument is, s, of course, that it is continuous 
reading and no intermittent sampling is necessary as with other chemical 
analysis methods of humidity acne. 

Further uses for this thermal-conductivity humidity recorder should be 
found where it is desired to measure water-vapor content at very high or 
very low temperature. Above the boiling point of water the usual forms 
of humidity instruments or apparatus cannot be used. For example, the 
thermal-conductivity method might well be applied to the determination 
of moisture in high-temperature dry-kilns used in various processes. Like 
wise, even if the temperature or a gas mixture is below the freezing point of 
water, the thermal-conductivity method will still give reliable indication 
of the amount of water vapor present in the mixture. 


Automatic Control 


“Humidity control” generally means control of the relative humidity in 
a given enclosure, from a bench oven to a lumber dry-kiln, from a small 


room to a large building. Such expressions as “dew-point control,” ““wet- 
bulb control,” etc., met with in the literature of the art, refer to specific 
means or steps toward the end which in every case can be expressed as 
control of relative humidity. In the present discussion “humidity control” 
will always carry this definite meaning. 


Principles of Humidity Control 

The physical principles involved in humidity measurement and contro 
have been discussed in Sections 1 and 4. It has been shown that the various 
relationships involved, once half-known qualitatively, are today known 
exactly and expressed quantitatively, thanks largely to the work of Carrier 
and other American engineers. With regard to automatic control some of 
the foregoing data on measurement can now be summed up in eight general 
statements which may possibly be called the principles of humidity control: 

1. Control of relative humidity in a given space containing a definite 
quantity of water vapor (absolute humidity) cannot be attained without 
control of temperature. 

2. Conversely, relative humidity control in such an enclosure can be 
achieved by regulating the dry-bulb temperature—the absolute humidity 
remaining constant. (The extent of such control is limited. For example, 
in round figures, starting with 50% humidity and 70°F. dry-bulb, the air 
would have to be cooled to 50°F. to obtain 100% humidity, and heated 
to 100°F. to obtain 20% humidity.) 

3. In a given enclosure the absolute humidity will be increased by 
introducing water so finely divided that it rapidly evaporates. In thus 
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passing from the liquid to the vapor phase it not only increases th 
humidity but it extracts he m the atmosphere (air-vapor 
and lowers the dry-bulb temperature. Exact control of humidity ; 
able by moistening control in such rooms, but only when the 
percent exceeds the normal and when temperature control is of se 
Imp¢ rtance. 


1 
} 


4. Ina given enclosure the absolute humidity can also be incr 
introducing jets* of steam but in this case the result is that 
relative humidity and the dry-bulb temperature are increased 
principle is applied today only in kilns, etc. (The days of its ap) 
in cotton mills have gone, it is hoped, forever.) 


5. To lower the normal humidity within an enclosure require 
apparatus through which the moist air must be passed. Cont 
instruments cannot do it alone. 

6. Into an enclosure where there prevails a given room tet 
ind a given relative humidity, both conditions will be altered 
introduction of preconditioned air, the extent varying with the qu 
temperature and humidity of the introduced air which displaces th 
ur. Similarly, when a given enclosure contains individuals, machi 
materials (including the walls) which give off or absorb heat, 
give off or absorb moisture, or which do both in any combination, 
possible to maintain a desired temperature and a desired percent hu 
by the introduction of properly conditioned air. This result is eff 
primarily by air-conditioning and artificial ventilation apparatu 

f 


function of control instruments being to govern the operations of \ 
parts of such apparatus. 


7. With such apparatus and instruments, it is possible to maint 
desired percent humidity in a room, in spite of fluctuations in room te! 
ture, by supplying saturated air whose temperature (dry-bulb, wet 
and dew-point all identical) is so controlled as to be at all times a d 
number of degrees below the room temperature. Thus in order to h 
50 percent humidity a differential of 20 degrees Fahrenheit is maint 
if the dry-bulb room temperature rises to 95°F. saturated air is supp! 
at 75°F.; if it falls to 68°F. saturated air is supplied at 48°F.—the result 
will invariably be the maintenance of the room humidity at 50‘ 
practice this principle is not applicable to certain industrial pro 
enclosures such as kilns or chemical apparatus where materials give 
absorb large quantities of moisture. It is effectively employed for indust1 


processing rooms served from one central equipment as well as f 
toriums, etc., and is known as “dew-point control. 


8. All automatic humidity control instruments and device 
embody forms of sensitive or primary elements responsive to hu 
changes. Such primary elements can be either psychrometric ot 
scopic. (See Table IV.) Psychrometric controllers embody 
systems with primary elements responsive to temperature changes; h' 
scopic controllers are not—in principle—affected by temperature cl 
except insofar as such changes effect changes in the humidity of 
to which the sensitive element is exposed. 
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The foregoing general statements or principles, constituting the funda 
nental background of humidity regulation, make it plain to see that auto- 
matic humidity controllers may govern or operate, directly or through 
relays, heating or cooling appliances, humidifying or de-humidifying 
ipparatus, or combinations; but that they neither add* nor subtract watet 
vapor, neither heat nor cool. 


Thus in connection with dew-point control, which is a recognized and 
correctly styled application, there is no such instrument as a “dew-point 


controller.” 


Classes of Applications 

The sharp difference in ultimate purposes between humidity control as 
pplied to the processing of materials, and humidity control as installed 
for providing human comfort, is reflected in the different engineering 
methods, and the choice and disposition of the heating or cooling, and 
humidifying or de-humidifying, equipment—equipment which comprises 
apparatus and instruments. This difference does not in the least, how 
ever, impose a corresponding distinction between “processing humidity” 
control instruments and “comfort humidity” control instruments, except 
in minor details of construction or appearance: In that respect, of course, 
there is as much difference between a room wall ““humidostat” and a “duct 
hygrostat,’ as there is between a wall thermometer and a duct thermometer 
or—to give a closer comparison—between a wall thermostat and a duct 
thermostat. The difference, nevertheless, is merely external. Essentially, 
the principles. involved are the same. In considering humidity control 
instruments, and especially in classifying them from an engineering view 
point according to functional likenesses and differences, there is no need 
whatever for starting off with such a division. This remark should not be 
understood as imputing criticism of manufacturers’ booklets which do 
make such a distinction. These booklets, on the contrary, save the reader's 
time by putting the application first, which for their purpose is not only 
useful but logical. 

Similarly, among the many humidity control instruments and accessories 
on the market, some are designed especially for use on air-conditioning 
equipment, others are designed for use where no such equipment is con 
templated (except that the instruments themselves, once they are in opera- 
tion, may be considered in that light), and others still are so designed as 
to be adaptable either to special air-conditioning equipment or to the usual 
steam and water supplies. But, again, these are not the engineering “classes” 
of humidity control instruments. And, again, it is admitted that manu- 
facturers’ booklets starting off with such classifications of applications are 
of convenience to purchasers. 

As in temperature control, however, it is true that the application 
determines the class, type and form of instrument, and that in most cases 
the “instrument” proper is only a part of a control system. 

A classified directory of industrial applications of humidity instruments 
is decidedly outside the province of this discussion. Broad classifications 
of these applications are in order, however, as they bear on the selection of 
control instruments. . 

*A psychrometric controller with primarv elements of the “ator 


room, but the increase is negligible, and it so happens that tl 
sulicient humidity is far more objectionable than an excess 
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Applications of instruments, with reference to the location of primar 
elements, which bears on the forms of instruments, panel boards, etc., { 
into three general groups: (1) Rooms; (2) Ovens, Kilns, etc.; (3) Au 
conditioning apparatus. 

With reference to the conditions which are to be controlled we have 
general classes of applications of instruments: 

(1) Control of “higher” humidity regardless of temperature—humid 
fiers providing the necessary additional humidity. Several sub-class 
according to class and type of primary element, relay system, etc. 

(2) Control of the temperature at one stage of an apparatus throug! 
which air is passed continuously. Subclasses correspond (in this class 
only) exactly to the classes of temperature controllers. 

(3) Control of the humidity at one stage of a continuous apparatus 
several sub-classes here, according to the classes of devices operated 
the controller: ratio dampers, sprays, velocity control, heating coils, et 
Still other sub-classes according to the form of primary elements, relays, et 

(4) Control of heating source together with control of steam jets 
dry-kilns, etc. Usually known as “temperature-humidity”™ control. 
classes correspond roughly to the types of pressure-spring and 
temperature control systems utilized. Instruments for this class of 
tions must necessarily be of “distance’’ forms. 


_ 

















etc., fa 


(3) Air 
» have six 


-humidi 
ub-classes 


; through 
this class 


yaratus 
rated by 
coils, etc 
slays, etc 
1 jets 
‘ol. Sub 
nd other 


- ‘ 
yf appilca 


November, 1930 


—_ 


INSTRUMENTS Page 669 























Atomizer induces flow 
of Air Current 


ial form of humidity 


Dry Bulb Element 
exposed to the initial 
temperature of Air 
Current centering at 
Inlet 








Spray from Atom- 
izer mixes with Air 
Its evaporation Satu- 
rates and cools air to 
Wet Bulb Temper 
ature, surrounding 
and actuating the 
Wet Bulb Member 
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which to humidity changes 
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(5) Control of a constant differential between two temperatures of 
which the higher is variable and uncontrolled. Obviously this cannot 
refer to the “depression” between dry-bulb and wet-bulb, which varies 
with humidity. It refers to the differential between dry-bulb and dew- 
point, which is (within limits negligible in engineering work) a constant 
lor any desired percent relative humidity. Such compound instruments 
must have one bulb exposed to room temperature but they do not control 
toom temperature (See Principle No. 7 above). The second bulb is located 
in the path of the saturated air supply, and the system of relays actuates a 
number of valves, dampers, etc., in the apparatus, controlling water 
temperature, air mixing, etc., whereby the temperature of the saturated 
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air supply is held at a definite number of degrees below the variabl 
ture of the element installed in the room. 

(6) All other compound applications calling for simultaneo 
of two or more conditions by means of a plurality of contr 
assembled in one case or on one panel. 

From the brief references to sub-classes in the above summa 
it is evident that a complete tabulation would be repetitious, ir 
standardized elements of control instruments and systems are st 


Gan 


lo Controlled ais 
6| 
Valve 4e elt Bulb Member, 


Lilot Valve 


























Water Suppli 
Tank 


——ai 


> 
> 
a 
~ 
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Aspirator 


three, four or five out of the six classes of applications. No need 
elaborate table, moreover, since manufacturers, knowing by expet 
which of the hundreds of combinations are most suitable, restrict 
offerings to such combinations. 

As in temperature control, it often is wise to consider first the mec! 
work that has to be performed in operating plain or mixing or | 
dampers, plain globe or balanced or other valves, etc. At the sat 
there must be considered the mode of control, which varies from the 
on-and-off in the case of direct humidifier applications, to definite thrott 
modes with definite operating characteristics of the pneumatic or el 
motor devices. Unless the entire installation be studied with regard | 
heating and ventilating or air conditioning engineering, one sh 
expect that the purchase and installation of a control instrument 
infallibly result in providing the desired conditions. 

To describe all relay systems and energized devices employed in | 
control would necessitate repeating the corresponding descriptiot 
have been given under temperature control. The reader must t 
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x . . . 
vith those aspects of humidity control instruments which were not 
sreviously treated—that is to say with hygroscopic controllers and with 
-necialized forms of temperature controllers. 


Relation of Humidity Control to Air Conditioning 

Another important point: Modern multi-stage air conditioning systems 
require not one but several automatic control instruments. Each thus 
becomes not only a part of its own control system but a member of a team, 
«9 to speak, known as “the controls,” which must function harmoniously. 
In the chapter on temperature control, a discussion included a reference 
to “the controller fighting the valve.” In modern humidity control installa- 
tions the various controllers, while remaining “at peace” with their valves 
nd dampers, must not “fight” one another. It is not amiss to diverge at 
this point from the specific subject of humidity control and deal briefly 
with pertinent aspects of the broader subject of air conditioning. 

Air conditioning is officially defined as the control of atmospheric condi 
tions within an enclosure with reference to temperature, humidity and 
cleanliness. (Aerologists lay stress on a fourth condition, velocity, of 
importance to human comfort.) Humidity is thus one of the three (or four) 
hiects of control in air conditioning. Humidity control is only a division 
fair conditioning. It is not air conditioning and neither is air conditioning 
“nothing but humidity control” as is also widely but erroneously believed. 

This does not mean that humidity control finds no applications apart 
from air conditioning. It finds many, especially in industry. Certain 
processes require applications of humidity control which do not necessarily 
call for the installation of specialized air conditioning apparatus. Only in 
| natrow technical sense can the installation of a hygroscopic controller, 
turning humidifier heads on and off in a paper storage room, be called an 
ur conditioning installation. Likewise is it straining the point to say that 
ir conditioning has been installed on a lumber dry kiln when there has 
been installed a temperature-humidity controller which is specifically a 
Jouble-system temperature controller, essentially a pair of temperature 
control instruments each independent of the other. 

Carrier's paperf at the 1929 World Engineering Congress assigned a 
lefinite and essential role to instruments. It is in order to quote and 
bstract from this authoritative treatise: 





Air conditioning equipment comprises: 
lst. Apparatus for providing the necessary heat and moisture exchanges within the 
F room to be conditioned and of the air supplied to the room to be conditioned and of the air 
rechanic supplied to the room for ventilation. 

louvere fF 2nd. Automatic devices for governing such apparatus so that temperature and humidity 
e controlled within the limits desired. The latter are referred to as controls. Those for 
rere | controlling temperature are known as thermostats, and those for controlling humidity are 
straign = known variously as hygrostats, psychrostats, or humidostats. 

throttling ; 


yr electt 


It is noteworthy that the word “instruments” does not appear, and also 
that the “controls” include “thermostats” as well as humidity control 
instruments. But air conditioning in toto being defined as “control,” the 
“apparatus” are also subservient to humidity control and must be con- 
sidered. They will be briefly described at the end of this chapter. 


‘See INSTRUMENTS, July and August, 1930. 


tThe C mtrol of Humidity and Temperature as Applied to Manufacturing Processes and Human Confort, by 
s H. Carrier, Assisted by Committee appointed by Am. Soc. Heat.-Vent. Engrs.: Prof. A. C. Willard, W. I 


eisher, $. R. Lewis, F. R. Still, O. W. Armspach, H. P. Gant, C. P. Yaglou, H. W. Ellis, F. C. Houghten and 


L. A. Harding. 


. referred back to Chapter VIII.* The present discussion concerns itself 


} 
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Classes of Humidity Control Instruments 


The logical custom, in engineering work, of considering 
among the “controls” as adjuncts of humidifying, dehumidifying 
upparatus, necessitated the above classifications of applicatior 
apparatus. Humidity control instruments, considered by th 
may be divided—as is done with instruments for controlling te: 
pressure, level, etc.—into four groups: 


(1) Non-indicating humidity controllers 

(2) Indicating humidity controllers 

(3) Recording humidity controllers, als» designated as humidity 
recorder-controllers .aae ; 
Indicating and recording humidity controllers, likewise known as 
humidity recorder-controllers 197 


Another classification, also followed with temperature and 
trollers, is according to necessity for auxiliary power: 


(1) Self-operating humidity controllers, which operate valves and damper 


(None is described here 
(2) All other humidity controllers, which actuate pilot valves, contactor 


forms of relays. The great majority of industrial humidity controllers fall int 


In describing and illustrating a number of the representative 1 
industrial humidity controllers, we shall now follow the engineeri: 
ification by types of primary elements, that is to say, psychromett 
191-200) and hygroscopic (Figs. 201-208). Various forms, ut 
type, need not be tabulated—the illustrations having been made 1 


out such points. 


Psychrometric (Atomizing)—In this type the primary elements « 
to a spray psychrometer. The wet-bulb, not covered with a 
wick, is exposed to air which has been saturated adiabatically. 
instrument shown (Figs. 191-193) 2 continuous sample of the ro 
first drawn over the dry-bulb as illustrated diagrammatically 
which gives the principle of the primary elements. In Fig. 191 the 
may be seen in detail, removed from its location inside the case. The 
are of the pressure-spring thermometric type and of the metallx 
form. Each actuates a 'ever. The differential motion of the tu 
actuates a slide-valve air-leak which in turn actuates a relay valve 
to produce a sharp on~and-off mode of control of the humidifier 
design of the mechanism is such that the position of the slide-valve 
reference to its seat, remains the same for the same percent hu 
regardless of temperature, within a temperature range extending al 
below the extremes to which such instruments may be exposed 11 
The side view, Fig. 192, shows the outlet of the air-saturating arrat 
where a visible mist indicates correct operation. The same cot 
air supply which turns the humidifiers on and off induces the « 
air and obviates the necessity for a motor-driven fan. 


Psychrometric (Aspiration)—This type corresponds in its pri 
ments to the aspiration psychrometer. That is to say, the wet 
largely shielded against radiation and is exposed to rapid and steady 
circulation. Fig. 194 shows the principle of the Carrier psychi 
controller (not the construction of the newer models, however 
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instrument does not require an 
sles motor, the compressed air 
supply creating a downward suction 
in an aspirator provided with a 
constricted throat for inducing a 
rapid circulation across the 


1 - 
electric 


very 


moistened wet-bulb—which is said 
to be an advantage over lengthwise 
circulation along a wet-bulb. The 
principle of control is the same as in 
the previously-described instrument 

by means of an arrangement of 





t> To diaphragm-motor valve 
(G 

















FRONT VIEW OF CONTROLLER 


levers. The Tagliabue controller, Figs. 195 and 196, operates on the same 
psychrometric principle but instead of an arrangement of levers it utilizes 
the differential motion of a pair of bulbs of helical shape, T and W, coupled 
in tandem by rigid fastening U._T is fixed at Y, and the free end of W is 
attached at X to the shaft P. Temperature changes affect both bulbs but in 
opposite directions, so that at 100% humidity, for example, temperature 
changes would cause connecting bar U to revolve around spindle P without 
causing rotation of the spindle. Fig. 196 is interesting in that it shows the 
system of “flapper” and air-relay valves employed in many psychrometric 
or hygroscopic humidity controllers, of various makes. The following may 
serve to clarify the operation of all such humidity control systems: When 
humidity tends to increase: flap N closes port L, capsular spring C is inflated, 
spring A is compressed, lever D rises, ball G rises off seat H, and compressed 
air shuts off humidifiers. When humidity is too low: L is open, C deflates, 
A swings D, pushing G on H, shutting off air to humidifier valve and allow 
ing its return from the diaphragm and escape through vent F. With no 
air pressure on its diaphragm, the humidifier valve opens. (In some systems 
the operation is reversed, humidifiers being “on” only when air from con 
troller to controlled valve is “‘on.”’) 
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Temperature-Humidity Controllers—This type belongs to the | 
metric class but the wet-bulb, instead of being exposed to artifici 
lation, is located in the dry kiln or other controlled equipment, 
of the dry-bulb. Moreover, instead of such controllers actuati: 
humidifiers, they control both 
the temperature and the hu 
midity of the controlled en- 
closure. In other words, a 
temperature-humidity control- 
ler consists of two inde 
pendent temperature control 
systems, one beginning at the 
dry-bulb and ending at the 
diaphragm-motor valve on the 
heating coil line, and the other 
beginning at the wet-bulb and 
ending at the controlled valve 
on the “steam spray” line. 
A few years ago, such con 


5 











trollers were non indi 
Of late, the majority of 
have been recording; 
Figs. 197 and 198 show 
which is indicating as w 
This instrument embodies t 
indicating electric-contact ty 
temperature controllers of the 
form shown in Fig. 115, 
a two-pen recorder. 
bulb is connected to 
helical pressure-springs 
controller spring which carries 
an indicating hand and cont 
arm; and a recorder spring which carries a pen arm. Thus there are tv 
duplex thermal systems and the instrument as a whole is not a pair of tet 
ature controllers plus a pair of recorder tube systems, but rather a dry 
set of controller-and-recorder system plus an independent wet-bulb se 
recorder-and-controller systems. In each set, the recorder spring 
adjustment is sealed at the factory, and only the controller zero adjust 
adjustable in practice. In this manner the chart records, while ind 
the performance of the two temperature controllers, are in no wise aff 
by the mechanical and electrical operation of the latter except in that tl 
operation regulates the dry-bulb and wet-bulb temperature of the « 
trolled enclosure. This instrument is designed to operate the Bi 
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“Type BK” electric motor valves on the heating coils and steam spray lines. 
These valves are of the indicating type with limit switches. They operate 
on line voltage through a relay panel which may be seen in Fig. 198, which 
-hows the interesting hinged construction of this instrument, very much on 
the style of industrial pyro 
metric recording and control- 
ling millivoltmeters and 
potentiometers Figs. 199 and 
200 show the more usual form 
of industrial humidity record 
er-controllers, in which form 
of instrument the Foxboro 
Company has long specialized. 
Compressed air is the medium 
by which the controlled valves 
on the heating and humidify 
ing lines are operated. This 
instrument may be said to con 
sist of a pair of independent 


Fig. 199. Mechanism 
f temperature 
nidity recorder- 
ler. The Fox- 

Lon te 


temperature recorder-control- 

lers, of the general charac- 

teristics described in Fig. 127 

and caption, but assembled 

in one case and recording on 

one chart. In Fig. 199, one 

may see by looking closely 

that the setting key can be 

inserted in either one of two 

openings in the upper right- 

hand portion of the case. 

Each index arm is set at the 

desired temperature. Attach- 

ed to each index arm is an air 

leak, and to each pen arm is attached a small flapper valve. When the 
control point is reached, the pen arm is directly over the index arm and the 
flapper causes back pressure which operates a relay valve which in turn 
regulates the rate of air pressure change on the controlled valve. 


Lack of space prevents showing and describing other specialized dry kiln 
controllers, some of which are remarkably ingenious. Brief mention may be 
made of the Tagliabue ““Inter-Myst” controller, with throttling air-operated 
dry-bulb control and on-and-off electrical humidity control having independ- 
ently adjustable contact points so that the “swing” between them is adjust 
able. This adjustable swing, affecting the mode of control, is found also 
in some of the recent air-operated temperature-humidity controllers. 
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Hygroscopic Controllers—We come 1 
type which makes up the great majority 
hospitals, schools and even residence 
year finds an increase in the number 
The pioneer appears to be the Johnson Set 
and one of its room-humidity controls is s! 
Fig. 201. This is of the 3-wire, 2-cont 
trol type and is designed to actuate 
switch. Its primary element is a cylir 
applewood. It is especially adapted for 
humidified by electrically heated eva, 
such as small industrial processing rooms, 
ical and agricultural applications, etc. . 
electrical room humidity controller is s| 
Fig. 203, which is largely self-explanatory 
primary element is in the form of a rib 
inches long, whose elongation and contract 
sufhcient to operate a mercury switch, 
no relays are necessary when the solenoid 


SETTING 
SCREW 


ANIMAL 


MEMBRANE | 


AIR 
VALVE. “A" 


ainuine’c’ 7 AIR_ 
DIAPHRAGM SUPPLY LINE 


etc. requires not more than two amperes at 110 volts. The range of « 
is within 3%, factory setting. Calibrated for 45% relative humidity, thi 
instrument will cut in at 42% and out at 48%. This “Humitrol” the: 
is typical of the residential forms in which closeness of control 1 
ordinated to other considerations. A contrast is now offered 

strictly industrial instruments shown in Figs. 202 and 204. The fort 
that of the American Moistening Co. which informs the author tl 








change in 

g.” It is 
100.000 la boratory 
nembrane before its use proved i = 
ibsolute reliability.” ‘ Ty ELEMENT 
follows: As the 


>ases, the 


decre 
<2, Ce 

pening valve 

° . sit ého hell 

pressed air to nil the bDellows. 


sion of the bellows moves rocl 
.B thus transmitting ir pt 2 ampere 
sure through the TUBE 
phragm-motor valve on the 
turns on the water supply 
humidifers. Fig. 204 shows 
representative industrial humi 
troller employing a hygroscopic primary 


expa 




















condition 


; 
q 


ing calibrated scale, 
It will be seen that 
ejectors which 
lement. This is 


+ 


the rapid detecti 
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Hygroscopic Recorder-Controllers—The instruments described immediat 
ly above are non-indicating and non-recording. Figs. 205 and 206 sh 
relative humidity controller of the recording type. The primary element 
made of animal membrane, is not subjected to artificial circulation 
enclosed in a perforated guard, which does not materially cut dow: 
sensitivity. The chart is calibrated in percent relative humidity. A 
illustrations show, this is an air-operated controller. The index 
carries an air nozzle and the pen arm carries a flapper, exactly as in the cas 
of the temperature control instruments utilizing this principle. T! 
instrument may be set to maintain relative humidity at any point betwee: 
20 and 90%. Setting is effected by turning the key, and the index arm t! 
shows the setting point on the scale of the chart. 

Compound Controllers—Reference was made above to the necessity for 
compound control systems in connection with air conditioning equipment 
Figs. 207 and 208 show modern forms of such controllers, as used 11 
junction with Carrier air conditioning equipment. Fig. 208 shows a typ 
Carrier temperature and humidity room control board. A is the hyg: 
with a hygroscopic primary element exposed to the room air, B is the ro 
temperature controller and C is a compressed air relay for the operatiot 
dampers, valves, etc. A close-up of the hygrostat is shown in Fig 
which shows a control board for humidity alone. Both the temperatut 
the humidity controllers operate on the flapper air valve principle desc: 
above. The setting dial for temperature control is easily seen in Fig 
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the humidity setting dial can also be seen toward the top of the hygrostat 
in the right-hand portion of Fig. 208 and just a little above the center of 


Fig. 207. 


Humidity Apparatus* 


ming now the subject of air conditioning equipment, 


e are two distinct groups of apparatus for effecting humidity chan 
rs used for the purpose of increasing the moisture content of the air and to prod 
by evaporation; and (2) Dehumidifiers used for the removal of moisture from the 
sroduce cooling by contact with water or surfaces at a lower temperature than the ur. 
P Humidifiers 1 may be divided into the following general types acc o tl 
peration: 
Indirect (Introduction of moistened air 
Direct (Spraying into the room) 
Combined (Direct and indirect). 
feos type humidifiers still find wide 
, pplice ation, especially in textile mills. One 
hese types uses atomizer heads operated 
posed sae air in which the water is 
frawn into the nozzle and then finally 
stomized by a small jet of air under high 
pressure. In another type, water is supplied 
mig pressure (usually around 200 lbs. per 
] ) to an atomizing nozzle located in a 
sheet “metal enclosure suspended from the 
ceiling through which a current of air is 
caused to pass. In a third type of direct 
humidifying head a small jet of water is 
thrown upon a disc eect at high velocity 
within a stationary cone of fine teeth against 
which the water thrown from the disc 
impinges. These three types of direct 
humidifiers do not provide either for con- : , 
led ventilation or for dehumidification. a @ a 
i udirect humidifiers are similar in operation > 
the spray type air washers except that the h ‘ 
water is sprayed directly against the incom- “( yy 
ing air. Such humidifiers comprise a chamber, Fd 
usually from six to eight feet in length 
through which the air is drawn at a velocity 
from 500 to 700 feet per minute. Inside the 
chamber one or more banks of spray nozzles 
create a finely divided spray through cen 
trifugal action and require water pressures of 
from 35 to 45 Ibs. per square inch. At the 
intake of the humidifying chamber is a set 
of baffles for distribution of the air and for 
preventing the spray from escaping from the 
chamber. At the outlet of the humidifier 
chamber an eliminator, consisting of a series 
if metal baffles, separates all of the free, un- 
evaporated moisture from the humidified air 
The air leaving the humidifier is thus 
completely saturated, but without any 
entrainment of unevaporated water partic hen 
Such humidifiers are used only in con- 
nection with ventilating systems. They are Fi8 
practically always placed on the inlet side of © 
the ventilating fan. Provision is made for 
warming the water in winter so that the air may be satu 
— of the water is usually controlled by means 
gures 101, 103, 111, 116 and especially 126) placed in the 
he humidifier and controlling the heater through which 


*Mostly abstracte d from Carrier's paper, loc. cit. 
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1@ method 
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itt 


lirect relative dit 

Where large quantities of | generated in a limited space, and where hig 
60% relative humidity is required, ible and economical to use a combination 
and indirect humidification. The indirect humidification is for the 


urpose of se 
lo Jd on Vv > lat nd 
desired quantity of ventilation and 


r 
t 
} 
I 


ind the additional direct humidification 


the rooms to increase the secure addit nal Co lir 
m tion is most satisfactory where hig 
okies exited, Mate Rleales 7 3 ; as + deleratahinnsl 
midities, with Dut li if are requirec 


Je 


| 
In general it may 
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' A Chainomatic Balance for Measut- 
ing the Magnetic Susceptibility 
of Monel Metal 


Edward T. Post’ 































5 the temperature of a ferromagnetic subst 1, ther 

A comes a point, called the critical ten nperature, at v p 

tically all of its magnetism. Iron has its critical temperature at about 79 

Cobalt, 1150,° and Nickel, 360°C.! One of the very i: teresting al 

magnetically, is monel metal. It is found in a natural state. « mposed 

ibout 67% nickel, 28°7 copps *r and 5%, of other materials such 

silicon and carbon. The last 2 elements are introdu the smelting 
process. The critical temperature of monel metal : te g becau 
it occurs at a point so much lower than those mentioned Burrow 





by 1 contact method pl iced the critic il tel per iture T the pecime! he 
used at about 95°C. By both a magnetometric and ar illation method, 
Inglis studied the changes in the | 






} tol 1 1 
yermeabdility and the residual magneti 














is the specimens of monel n ei neae echt ick daca range of temperatut 

’ from 48° to 107°C. Inglis found by his oscillation method that. even at 
temperatures high as 400°C., monel metal still had permeability 
measurably greater than unity. 

This point seemed worthy of further investigatior it W 
proached by a method totally different from that used by others for mon 
metal. McLennan and Wright? have described an excellent method whicl 

they employed in determining the susceptibility of other substances. It 
— consisted in measuring, by means of a balance, the pull of n-unit 
magnetic field on a piece of ferromagnetic substar In this present 
investigation it was found that an analytic lance, rebuilt 1 “cl 

tic’’ balance, gave a very convenient way for measuring this pull TI 
feature of a chain weight allowed a gradu idit or subtraction of tl 
load balancing the magnetic pull. In Fig. 1 hown tl gement of 







ipparatus. 












A small cylinder, C, of monel metal was suspended by a fine wire { 
the bottom of the scale pan, P. This specimen of monel metal, No. 32, | 
length of lcm.,a dia ineter of 0:3 90 cm., and ss of 0.656 g It w 
ittached to the sus pending wire by a little basket made up of very fine w 
To eliminate side displacement, a heavy weight, D, ut 40 g X 
uttached below the monel metal cylinder by a continuation of the sus 
pending wire. The monel metal cylinder was so hung between tl ' 
of the electromagnet, M, that when the field was ay 1 the t A 
drawn toward the center of the field. It was this attraction of the magneti 
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field for the cylinder which was measured as the temperature of th 

was changed. The weights of the cylinder, the basket and th 
were counterpoised by a weight, W, on the scale pan P’. The va 

the attraction of the magnetic field for the monel metal could 
measured by the amount of the chain attached to the beam of the 
The length of the chain thus suspended was regulated by the posit 
slider,G. This slider moved up and down ona screw which was « 
to read in terms of mass. Its constant was 0.002 gms. per turn of tl 









































Fig. 2. The Py 


A Chainomatic Balance arranged for measuring the yt 
Tube on wt 


f Monel Metal Glass 
was wound the H 


ing Coil of the Elect 
Furnace 


Changes in temperature of the monel metal were produced by a smal 
resistance furnace. This is not shown in Fig. 1 but in Fig. 2. 140 tur 
of No. 22 manganin wire were wound on a pyrex glass tube, about | 
long and 1.5 cm. in diameter. Before winding on the wire the glass tubing 
was covered with a layer of wet asbestos paper. The bare manganin wire 
sank into the wet asbestos so that when the asbestos was dry it served 
an insulation between successive turns of the coil. Over the windings 
the asbestos paper was spread a thick coat of asbestos cement which, 1! 
turn, was sheathed by a copper tube split longitudinally. The copper tt 
was fastened to a clamp in a ring stand for holding the heater in positior 
about the monel metal cylinder. In order to prevent convection current 
as much as possible, the glass tube was drawn down to small openit 
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both ends, the upper end being just large enough to admit the cylinder and 


its D isket. 


A thermocouple was used to measure the temperature of the specimen. 
One junction was placed inside of the furnace and the other in an ice-water 
hath. The thermal emf of the couple was read by means of a millivoltmeter 
which had been calibrated to read in°C. In calibrating the thermocouple, 
one junction was attached to the bulb of a mercury-in-glass thermometer 
ind placed in an oil bath whose temperature was carried up to 200°C. 
These readings were checked again against a standard platinum-iridium 
couple whose thermal emf was measured by a Leeds and Northrup poten 
tiometer. With this outfit the thermocouple was calibrated up to 380°C. 


The magnetic field of the electromagnet, M, was determined by a flip 
coil attached to a ballistic galvanometer, whose constant had been derived 
by means of a standard induction. The field strengths used, ranged from 
318.1 to 358.7 gausses for the end of the cylinder nearest the center of the 
field. These values insured saturation according to Burrows. The field 
strengths at the other end of the cylinder varied from 284.3 to 318.9 gausses 
respectively. 


The equation, which McLennan and Wright used in getting the sus 
ceptibility by means of the magnetic pull, was: 


nS 2gP 
~ A(H?—H?) 


K 


where K is the susceptibility, g the acceleration due to gravity, A the cross 
section of the cylinder, H the field strength at the face of the cylinder 
nearest the center of the field, H, the field at the other face, while P is the 
pull in grams exerted by the field. 


By observing the thermocouple readings, the temperature could be held 
constant while the value of P was determined. This was done over a 
range of temperature from 29° to 240°C. Fig. 3 shows the values of the 
susceptibility plotted against temperature. Curve 1 is for the minimum 
and curve 2 for the maximum field strengths observed. Readings were 
taken for four other field strengths between those shown in Fig. 3, the 
results of which, barring instrumental errors, fall within the range of those 
shown in curves 1 and 2. 


It was established that not all the magnetism had disappeared at 140°C., 
thus confirming Inglis’ work that there is no sharp critical temperature for 
monel metal. Between 60° and 100°C. it may be said that most of the 
magnetism of monel metal vanishes. Meschter working in this laboratory 
and using the same specimens of monel metal, studied their thermo-electric 
power against lead and also against copper. The specimen of monel metal, 
No. 32, noted in Inglis’ paper, is weakly ferromagnetic. Even in this 
specimen Meschter found a very marked inflection in the emf-temperature 
curve at a temperature of 90°C. This was very decisively confirmed by 
the more ferromagnetic sample of monel metal, No. 31. The method used 
by Meschter locates the critical temperature with greater accuracy than 
does the procedure described in this paper. Schulze,® in studying the 


Schulze. Zeitschrift fuer Metallkunde, November 1928; Tait. Transactions Royal Society, Edinburgh (1873) 
page 125; Belloc. Annales de chimie et de physique, Vol. 30 (1903) page 42 
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eems to have overlooked this crit 

point. 
There were certain instrumental errors which had to be corrected 

is possible. Convection air-currents through the electric furnace produ 
i shift of the zero point of the balance. This was corrected by obser 
the deflection when no field was imposed on the metal. The wire by wl 
the monel metal was suspended to the scale pan expanded some as tl 
perature increased. It was found that the wire from the grid of a va 
tube gave so little expansion that this trouble could be neglected. 
balance used in this work was a heavy analytical one and by no means t 
type to be used for paramagnetic substances. Even in this work the 1 
ings beyond a temperature of 140°C. were not so reliable as was des 
It has demonstrated, however, that the chainomatic feature of a bal 


1e t 
C 


14 


isa very valuabD jjunct to this method of measuring Magnetic susceptib1 


S. R. Williams for suggesting this pr 
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DR. WALTER BLOCK 


Eichungsdirektor der Provinz Ostpreussen 
CHAPTER VIII. MEASUREMENT OF VOLUMES 
(Concluded) 


4. Water Meters 





Only the operating chemist will have to face the problem of measuring 
flowing water or other liquids, a task occurring frequently in a similar 
manner when operating with gases. It will, therefore, be di 
briefly only which possibilities exist for these measuremen 

If one has to work with larger quantities of liquids 
the simplest solution to let it run out of or run int 
measure the quantity in this container by means of 
Should the quantities be too large or if such cont 
available, other means have to be taken, namely, lig 
may be discussed very briefly. 

Principally two types of water meters are distinguished, also designated 

‘water meters: current meter and volume meter, a distinction which, 
from the following description, will be quite understandable. A typical 
example of the first kind, at the same time also that example -all 
the widest application, is the so-called vane-water meter (F 
interior of the water meter housing a little light wheel of vanes is placed 
which rotates around its axis similar to the vanes of a wind mill. The water 
running into the meter is so directed that it flows in the direction of the 
plane of the vanes and hits the vanes, as far at the outer end as possible, 
ind rotates the wheel corresponding to the passing quantity of water. 
The faster the water flows the faster the wheel rotates. These r 
re transmitted to a counter which permits reading on a measuring 
directly the number of units of volume of water, general 
ind liters. It is clear that strictly speaking in thi 
lowing water is not measured but that the appa lepend 


secure as correct a workng as possible that the jet of water hits the v 


as favorably as possible. One distinguishes single-jet and 


meters which both can be considered as equivalent. Such 

operates better the greater the velocity, and its accuracy 

naturally decreased when the velocity of water becomes 

smaller. It is obvious that for very slow flows of water (tha 
sumption of extremely small quantities, of a small fraction only of 
quantity which could pass the meter) the possibility exists that 

low does not develop sufficient power to rotate the measuring 

A vane-water meter has, therefore, the tendency to give too small 
tions for quantities much below the rating, from which follows 

very important for the application) that it is not directly 
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reliable indications also for other velocities if it has been calibrat 
certain velocity of flow. It will be best, if one has the assurance 
meter is right for a certain velocity to use it as near as possibl. 
velocity which should remain as close as possible to the maximum 





























In this respect, the two other types are much more favorable, they 
pure volume water meters as they measure the passing water strict 
volume so that in a good construction practically no drop of water 
pass without being measured. One drawback, however, also exist 
as the operating resistance of these water meters is comparatively hig 
that for low velocities the meter might easily cut off the supply entire; 
Their construction is somewhat difficult to describe, and it may therefor 
sufhice to only give it very briefly. The measuring space of these 1 
is a cylinder or a cylinder with a spherically machined interior wal 
this space a second cylinder of equal height and about half the dia: 
moves which is closed tightly on the front sides and rotates in this s; 
This motion is made compulsory by the pressure of the inflowing 
and each revolution of the cylinder carries a definite amount of wat 
through the space. Theoretically, it is impossible that water pass throug 
without putting the cylinder in motion. This is the capsula water-mete: 
The circular motion of this capsula is, exactly as in the first type, tran: 
mitted to a counter and recorded. In the second type, the disc 
meter, the measuring member is a disc the center of which in a statior 
bearing is in the center of the measuring space, and which also rotat 
and that in such manner that its axis describes a double-cone the cot 
apex of which lies in its center. Otherwise, the same holds true as for t! 
capsula meter. Both are two measuring devices which work very accu 
rately; practically, of course, the possibility exists that a certain, thoug! 
small negligible amount of water may pass through them as it is natut 
impossible to make the movable parts perfectly water-tight. Besides 
the two latter types are, even disregarding that they are much more 
pensive than the former, fairly sensitive to dirt which can easily obstruct 
and break the moving parts. This can hardly occur in the vane water | 
Two more points may be mentioned which are important: first, the largest 
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capacity of a water meter is that amount of water which can pass through 
it in each hour if the water runs out freely while on the other side the 
pressure of one atmosphere, that is 10 m. water gage, exists. A water meter 
for 10 m.*, therefore, in one hour permits the passage of 10 m.° if it flows 
out freely without back pressure while the pressure of the inflowing water 
is one atmosphere. Further: all types of water meters are not quite 
independent of the direction of the passing water which is especially 
obvious for the vane-water meter, and air bubbles are almost always wholly 
measured together with the water. It is therefore necessary to attach 
in ait-separator; and in closed pipes, in which an air buffer exists behind 
the water meter which can often occur by liberation of air from the water, 
it can happen that surges take place in the pipe system at changes of 
sressure which means that the meter indicates an apparent flow of water 
ust because it operates unsymmetrically although, in fact, no water has 
been used. 

At the conclusion of this section may be briefly indicated the rather 
numerous devices, also for measuring liquids if the problem involves 
determining the existing amount of liquid in storage containers, i. e., when 
storing oil and other material in tanks or similar vessels. This can be 
done in different ways. In a very generally used method the storage 
container is provided with a gage and a scale on which the amount present 
can be read directly. Another method is that a float rests on the liquid 
the position of which is transmitted with tape or rope to a linear or circular 
scale. In all cases, however, it is dificult to obtain proper scale divisions 
because in the majority of cases the shape of the containers is influenced 
less from the point of view of their suitability for taking measurements 
than by that of the most favorable storing and assurance against leakage 
It will in all cases generally be necessary to provide the scale on each 
container individually which can be done in several ways. 


1 
I 
1 
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5. Gases, General Remarks 


The measurement of the volume of gases will only be treated here in 
extreme brevity because the literature on this subject already contains 
exhaustive publications on the measurement of large quantities of gases’. 
One may, therefore, be referred to this book for supplementing the fol- 
lowing, and the mentioned publication will be extended here especially 
with regard to the measurement of gases in the laboratory mainly in so far 
as small quantities are involved. 


6. Conversion of Quantities of Gases to Normal Conditions 


As is known the volume of a gas depends to a very considerable degree 
on its temperature and its pressure. If we designate in the usual manner 
by v its colume, by p its pressure, and by t its temperature, these quantities 
bear to one another the well known relation: 

pb=ph), (l+at) 

v=vu, (l+a t) 
and with these equations volume and pressure of each gas can be converted 
directly to standard conditions, that is the space which it occupies at the 
temperature of 0° and a pressure of 760 mm.Hg. To facilitate thisconversion 


5Chemische Technologic in Einzeldarstellungen itinsky, Messung grosser Gasmengen. Leipzig (1922 
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for which a very great number of tables exist and especially als 
simultaneous transition from volume which the gas has under 
vailing conditions to the weight of the gas, a short table is giver 
which contains the most important numbers for this conversiot 
table has been compiled not with the strict, but for common 
the fully sufficient assumption that the expansion coefhcient of 
is the same and has the value 0.00367 which corresponds, in ac 
with the familiar laws of gases, to absolute zero | 
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In conversions of this kind one point has to be taken into conside 
which must be mentioned particularly, namely the contents of hu 
of the respective gases. For supplementing the following the future s 
on the measurement of humidity may be referred to. Humidity 
exists in the form of water vapor, and it must be stated whether tl 
is saturated with moisture or not. Each gas behaves in this resp 
exactly the same way as air so that the familiar tables for air-humidit} 
hold for all other gases. 

Dalton’s law states the following: If several gases co-exist in 
they behave as if each of them were present alone. The total p1 
of the gas mixture is therefore equal to the sum of the individual pre 
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of the gases which they would exert if they existed alone in that space. 
This law is fundamental for the calculation of the behavior of gases and of 
humidity in gases. The whole conversion may be illustrated in the fol- 
lowing by an example. 131 m.* of gas at 19°C may have passed through 
4 gas meter under a pressure of 42 mm. water gage, 756 mm. barometric 
sressure. The gas has been saturated with moisture, 42 mm. water gage 
equals 42/13.5=3 mm. Hg. The vapor pressure for 19°C is 16.5 mm. 
The pressure of the gas is therefore 749+3—16.5=735.5 mm. Conse 
quently, its reduced volume is 
735.5 273 2 he | 
v, =131. "60 273-419 = 131+ 0.968 +0.936 = 119 m. 

If the gas is dry the pressure naturally becomes 752 mm. and the calcu 
lation must be carried out accordingly. If it has a humidity of 60°% the 
value of 0.6x16.5 must be used instead of 16.5. 


7. Apparatus and Method for Measuring Gases 


The actual methods for the determination of gas volumes as much as 
they are applied in the laboratory for small quantities of gas can be 
assumed to be familiar. These methods largely consist in the use of measur 
ing apparatus of glass having a definite contents or being provided with 
scales and in which the gas is retained by a sealing liquid. These containers 
which are calibrated according to volumes coincide with the above dis- 
cussed chemical measuring apparatus; they need not, therefore, be treated 
especially as they do not offer anything new in principle. It may only be 
mentioned that the official checking of these devices is carried out in the 
same manner as for the chemical apparatus, and also with the same limits 
of error mentioned before. 


It must hereby be remembered that for the determination of the normal 
gas volume the latter is usually not below normal atmospheric pressure but 
is as a rule exposed to this and an additional pressure which is due to the 
sealing liquid. This additional pressure has to be determined under con- 
sideration of the kind of sealing liquid exerting the pressure. If it is water 
the height of the water column can simply be converted into mercury 
column by means of a table which is contained in the chapter on pressure 
measurement, and the pressure thus determined is added to or substracted 
from the barometric pressure read, and the total pressure determined in 
this way. If the sealing liquid is also mercury the method is obvious. 
Care must however be taken that the height of this column be determined 
with the necessary accuracy. With water this is not so important as the 
height determined only enters into the calculation after division by 13.5. 

With other sealing liquids the method of calculation corresponds. The 
determined height is always to be divided by the density of mercury and 
multiplied by the density of the retaining liquid. This figure then is the 
correct one for the barometric pressure. 

An important apparatus for the correct measurement of small and medium 
gas quantities as they are used in laboratories is the gasometer which at the 
same time can be used as a storage tank for the gas. It is shown dia 
gramatically in Fig. 33. It consists of a cylindrical vessel of circular section 
filled with water. Into the water dips an inverted metal bell which is 
suspended on a chain over rollers. On the side the bell has a scale on which 
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the position of the bell and thus its volume can be read by means of a 
device. The gas or air is in the interior of the bell and is conducte 
point of consumption by a pipe through the water. The bell is | 
by a counter-weight so that the gas escapes under a definite pressu: 
additional device which will not be described in detail holds the g 
under a uniform pressure even though the bell loses weight due to 
deeper into the water. The scale permits directly reading the v 
the gas which has escaped from the apparatus. The pressure under 
the gas escapes is naturally immaterial for the division but eventual 
be considered if the gas expands after escaping. 


Fig. 34. Diagram of a Wet Gas Meter 
(below) 




















Fig. 36. Diagram of the 
Capometer. (Riesenfeld.) 


Such gasometers can be bought in the smallest and 
largest dimensions and be used, according to the material 
of the bell and the sealing liquid, for different gases. They 
are, of course, not suitable for high pressures. While 
here the gas to be used is stored in the apparatus itself 
this is not the case when a gas meter is used for measuring 
the gas. In this case, the gas must in some way be pushed 
through the gas-‘meters under a certain pressure. 

Two types of gas meters are distinguished, wet and 
dry gas‘meters of which in the laboratory only the wet 
ones are used while the dry ones find industrial applica- 
tion. From the point of the measuring technique, the Fig. 35. D 
wet gas-‘meters are without question superior tothe other. % "* ** 





A few words may be said of the dry gas‘meters. In these, the gas fl 
through a series of chambers with movable walls. These walls are p 
of metal, partly of cloth or leather which are made impermeable to 
The passing gas presses these walls first to one side, then to the other, and 
by the movement of these walls a system of valves similar to the cylind 
of a steam engine is moved and the gas conducted to one chamber afte 
other and the chambers opened to the outlet so that the gas can escape 
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the sizes of the chambers are not absolutely defined and due to the unfavor- 
able properties of the movable parts of the chambers great accuracy cannot 
be obtained and later cause a change in their indications. Technically, 
these gas-‘meters have the advantage of not requiring inspection. 


The wet gas meters, on the contrary, have very definitely limited measur 
ing chambers. Their most important part is the rotating gas drum, often 
called Crosley-drum which is found, by the way, in almost exactly the same 
form in the well known capsula-mercury-air-pump. A diagramatic view 
of this drum is shown in Fig. 34. This drum revolves around a horizontal 
axis and is divided into four equal chambers. Each chamber has a slit for 
the inflow and for outflow which are opened one after the other by the 
sealing water. The gas flows through a pipe a little above the axis of the 
drum into the individual chambers and leaves by slits at the circumference 
and flows from here to the point of consumption. 


Therefore, not only the volume of the drum is of importance but also the 
level of the water in the housing. As soon as the latter changes, the in- 
dications of the meters are also changed. The revolutions of the drum 
are counted so that one revolution corresponds to a certain amount of gas, 
It is obvious that no gas can flow through the meter without being measured. 
It is therefore important to keep the water level permanently at the same 
height. This is accomplished by a water tank which holds the water in 
the gas space proper always at such level that superfluous water is dis- 
charged by an overflow so that this determines the highest level of the water, 
As soon as the water level falls below a certain minimum a float on the water 
cuts off the gas flow. Laboratory apparatus which is supposed to be under 
constant supervision, generally has definite limits to which the water level 
is adjusted. The gas meter operates correctly when the water level is 
correct. With proper size gas meters of this type, small quantities of gas 
can also be measured but it should be remembered that it is unfavorable 
to drop below a full revolution of the drum. The so-called experimental 
gasmeters, however, have reading scales to enable one to read quantities 
below one revolution of the drum. 


Such gas meters are built in quite different sizes. Technically they are 
in general, following an old custom, designated according to the number of 
flames whereby one gas-flame is assumed to consume 150 |. gas per hour. 
The smallest commercial size is the one for three flames with an hourly gas 
flow of maximum 4501. which usually has a volume of the measuring space 
of 3.51. The maximum possible size of these gas meters is almost unlimited. 


For the laboratory, there exist still quite a number of other methods for 
measuring gas quantities, especially for the case that a gas flows through a 
pipe line. Of these methods it can be stated in general that they are re- 
duced to a measurement of pressure, and two principally different type of 
gas measuring devices, which are of importance for the laboratory, may be 
described here briefly. 


First, the so-called Rota-meter type (Fig. 35) may be mentioned. It 
consists of a vertical glass-tube of circular section which increases slightly 
toward the top as indicated diagramatically in Fig. 35. In the tube is a 
cylindrical or conical float of such dimensions that it closes the bottom of the 
tube completely. The gas to be measured flows from below upwards and 
according to the quantity passing through, a varying pressure is exerted on 
the section of the float which is lifted correspondingly more or less. The 
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1s exerts, because of its velocity, a certain pressure in nterior of a tube 
is arranged in the direction of the gas-flow. This pressure is called 
dynamic pressure of the gas. At the same time the actual static pres 
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One proceeds similarly if for example, an orifice, that 
with an opening in the center greatly reduces the section of the pipe. 
the gas passes through this opening a difference of pressure takes pl 


etween the two sides of the orifice which is measured. From this 
ference and from the sizes of the free opening, a conclusion can be reac 


is to the passing quantity of gas. Instead of this arrangement, a nozzle 
ilso is used, or an intermediary piece which is inserted in the tube and offers 
somewhat simpler conditions and makes possible a more favorable measure 
ment. The usual shape of such a nozzle is shown in Fig. 37. As a third 
type may finally be mentioned the Venturitube which, from a technical 
point, is the most favorable. In the diagramatical illus m of Fig. 38 
it can be seen that the gas-flow is also narrowed down an ie ‘inn brought 


iL \« 
back again to its normal section; here also a difference in pressure is measured. 
This device has the remarkable advantage in comparison with the other 
methods just mentioned that practically no loss of pressure occurs in the 
pipe, which is unavoidable in the before mentioned methods 

In review it may be said that these two last methods indicate on nly momen- 
tary velocities and therefore give only quantities for a definite time unit. 
These devices are, therefore not directly applicable to indicate the total 
quantity of gas having passed through the pipe if the flow-velocity chang 
They are to a certain extent load indicators and require in addition, special, 
sometimes very complicated devices for determining total gas quantity. 
Generally, however, they are connected with recording 
and from the recorded curves the amount of gas which has 


in certain time intervals is then determined with a planimeter. 
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It is with deepest regret that we inform you of the sudden and tragic 
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death of Dr. George Steiner, representative Eétvis & Rybar torsion balances 
Dr. Steiner met his death in an aeroplane crash on Wednesday, October 8, 
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CHAPTER VII. 
THE VANE ANEMOMETER. 


ALTHOUGH it is subject to certain practical limitations, which 
will be indicated later, the vane anemometer has been exten- 
sively employed for many years. As a means of measuring 
wind speed, particularly in the range of low speeds, where, as 
we have already seen, such small pressures are set up by the 
motion that their accurate determination becomes a matter 
of considerable difficulty, its simplicity renders it an exceedingly 
useful instrument ; and if properly used it is capable of giving 
all the precision ordinarily required in engineering practice. 
The vane anemometer is, in effect, simply a windmill, 
consisting of a number of light flat vanes mounted on radial 
arms attached to a common small steel spindle which rotates 
in two jewelled bearings. Eight vanes, made of thin sheet 
aluminium or aluminium alloy, are almost invariably used ; 
they are inclined at an angle to the axis of the spindle, which 
is set along the wind direction when the instrument is in use, 
and the wind forces acting on the vanes cause the spindle to 
rotate at a rate depending mainly on the air speed.* By means 
of suitable gearing the motion of the spindle is communicated 
to a pointer, or, more usually, to a number of pointers moving 
over graduated dials. Normally, the dials are marked with 
scales of feet, and experience has taught manufacturers of 
these instruments how to proportion the various dimensions, 
vane inclinations, and gearing ratios, so that the number of 
feet indicated on the dials in unit time is approximately equal 
to the distance traversed by the wind in the same time, Le. 
to the wind speed. In order, therefore, to determine the wind 
speed it is only necessary to observe with the aid of a stop watch 
the time taken for a number of feet of air, as shown by the in- 
dicating mechanism, to pass the instrument. This gives the 
“indicated ’’ wind speed, from which the true air speed 1s 


* See below for the effect of air density 
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obtained by the aid of the calibration curve for the particular 
anemometer in use. 

Instruments of this type are mainly of value for measuring 
air speeds in large ducts or ventilating shafts, or in smaller pipes 
(subject to the restriction as to the limiting size mentioned 
below) where access can conveniently be made to an open end, 
preferably an outlet end. They are probably best used when 
mounted on light rods and inserted into the airstream from 
one side. It is important that the observer should not stand 
too close to the instrument whilst readings are being obtained, 
as his presence will disturb the conditions of flow even if he is 
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Fic. 31.—Vane anemometer. 


situated downstream of the position occupied by the instru- 
ment. In order to determine the quantity of air flowing, 
readings must be taken with the axis of the vane circle at a 
number of points across a section. 

Two types of anemometers in common use are illustrated 
in Figs. 31 and 32. In the former the plane of the dial is 
perpendicular to the plane of rotation of the vanes; whilst 
this design is not so compact as the other, it is probably to be 
preferred on account of the greater facility which it offers for 
taking observations from the side. 

In many instruments provision is made for throwing the 
indicating mechanism into gear or disconnecting it from the 
vane spindle by the movement of a small lever. In some 


instruments, also, the reading can be set to zero at any stage. 
These devices would appear to be designed to obviate the use 
of a stop watch, readings presumably being taken by throwing 
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the indicating mechanism into gear at a given instant and dis- 
connecting it when a certain time has elapsed. This method 
of using vane anemometers is not to be recommended ; more 
accurate results will certainly be obtained by observing with 























FIG. 32.—Vane anemometer with Fic. 33.—Author’s low-speed vane 
concentric dial. anemometer. 


a stop watch the time taken for a given number of complete 
revolutions of one of the pointers. The other method should 
only be adopted if a stop watch is not available. In order to 
reduce starting and stopping errors to small percentages of 
the total readings, no observation should occupy less than 60 
seconds, or involve a reading of less than 100 feet on the in- 
strument. It is advisable also to take two check readings of 
every observation, as it will often be found that the flow is 


subject to fluctuations, so that the average over a given period 
is not quite constant. 

It is often stated that vane anemometers are unreliable 
and that their indications are subject to unaccountable in- 
consistencies. The author’s experience with these instruments 
does not support this contention. Trouble frequently arises 
through the use of an anemometer to measure wind speeds for 
which it is not designed. If the speed is too high, the vane 
setting may suffer a permanent distortion which will cause a 
corresponding permanent alteration in the calibration curve. 
On the other hand, if the speed is too low the friction of the 
bearings and gearing exercises an appreciable effect (see below). 
The normal types of instrument, such as those illustrated in 
Figs. 31 and 32, are suitable for the measurement of air speeds 
ranging from about 5 to 50 feet per second, and may con- 
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fidently be relied upon over this range. For higher speeds, 
special instruments are made which are either of heavier con- 
struction, or, alternatively, incorporate a device by means of 
which the quantity of air actually passing through the vanes 
can be reduced ; such instruments can be used for wind speeds 
up to 100 feet per second or more. 

Low -Speed Anemometers.—For low wind speeds it is 
essential to have an instrument in which the friction is very 
small. In order that the wind torque causing rotation should 
be large compared with the resisting frictional torque it is 
desirable that the vanes should be large and set at a large 
radius from the axis. These dimensions are, however, limited 
by considerations of lightness, for if the inertia of the moving 
parts is too great the instrument will not follow rapid fluctuations 
in the speed of the wind and will give readings which differ 
perceptibly from the mean wind speed. Moreover, it must 
be remembered that the resisting frictional torque is composed 
partly of a torque due to the weight of the moving parts, and 
partly of a torque due to the end thrust of the spindle on its 
downstream bearing, arising from the down-wind component 
of the wind force on the vanes; the first of these factors will 
increase with the weight of the vanes and the second with 
their size. As is usual in design generally, a compromise has 
therefore to be effected between conflicting requirements. 

A form of low-speed anemometer which gives consistent 
readings down to wind speeds of about 0-6 feet per second was 
designed by the author and described in the Journal of Scientific 
Instruments for January, 1926. This instrument is illustrated 


in Fig. 33. The vanes are of the usual pattern, inclined at an 
angle of 45° to the axis, the outer radius of the vane circle is 
Ii inches, and the vanes are I} inches deep. All gearing is 
eliminated with the exception of a worm drive through which 
the rotation of the vanes is transmitted, with a reduction of 
50 to I; to a pointer moving over a dial attached to one side of 
the casing. The pointer is fixed directly to the worm-wheel 
spindle, and the only markings on the dial are four short radial 
lines, as shown, at the ends of two mutually perpendicular 


diameters. The calibration of the instrument is given in terms 
of the relation between the wind speed and the revolutions per 
second of the pointer over the dial. Three tapped bosses are 
fitted to the casing (the third, which cannot be seen in the 
photograph, is opposite to the dial) for convenience in mount- 
ing the instrument to suit various conditions of use. 

It is important to observe that every anemometer should 
be calibrated in a wind whose speed can be controlled and 
measured by independent means, or by moving it at known 
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speeds through still air, for it is not possible to predict the 
readings of an instrument from its mechanical constants. 
Until recently, instruments were frequently-sent out by the 
makers accompanied by a printed form stating that a certain 
number of feet per minute must be added to the readings to 
give the true wind speed, the number being the same for all 
speeds. Such instructions should be regarded with suspicion 
and not accepted without verification. During the course of 
a large number of calibrations of vane anemometers carried 
out under his supervision, the author does not recollect a 
single instrument whose error was constant over the whole 
range. 

The method of carrying out an anemometer calibration is 
in itself a simple matter, but considerable care must be taken 
to obtain an air stream suitable for the purpose. In cases 
where the amount of work necessitating the use of an anemo- 
meter does not warrant the provision of special testing equip- 
ment, the instrument may be submitted to the National 
Physical Laboratory for calibration, 

Readings in an Inclined Wind.— he readings of a vane 
anemometer do not appear to be seriously affected by fairly 
large variations of the direction of the wind from its normal 
path perpendicular to the vane circle. Whilst it is not possible, 
on account of the numerous differences in details of shape and 
construction that occur amongst existing types of vane ane- 
mometers, to draw generalised conclusions from the observed 
behaviour of a particular instrument, Fig. 34 will serve to show 
what order of error may be expected if the wind is inclined to 
the axis of the vane circle. The results relate to experiments 
carried out by Messrs. F. C. Johansen and W. J. Duncan with 
a calibrated anemometer of more or less normal proportions. 
The.instrument was mounted in a wind tunnel side by side with 
a second calibrated instrument which served as a standard. 
A sufficient distance was allowed between the two instruments, 
which were situated in the same cross-section of the tunnel, 
to render negligible any interference one might have on the 
other. Simultaneous readings of the two instruments were 
taken, the standard being kept stationary in normal attitude 
and indicating the true mean speed over the intervals of 
observation, whilst the other was rotated successively to the 
wind direction, by stages of 5° or 10° at a time, through large 
angles on each side of its normal attitude. At each setting 
the indicated speed of each instrument was observed, and the 


eee 
ratio v. was calculated, V, being the speed as given by the 
yawed instrument at an inclination 6° and V, the true wind 
speed as indicated by the standard. 





Page 700 INSTRUMENTS November, 1930 





It will be seen from Fig. 34, where b is plotted against 











0 60 


20 40 
Angle of Yaw 6 (degrees) 


Fic. 34.—Effect of yaw on readings of vane anemometer. 


6, that the instrument could be yawed through about 20° 
before an error of I per cent. on the indicated speed was in- 
curred. It would appear therefore that little apprehension 
need be felt as to the accuracy of the readings of a vane anemo- 
meter if the mean direction of the air current is not known 
within fairly wide limits. 

Characteristics Indicated by Theory.—The theory of 
the vane anemometer will be considered in the second part of 
the present chapter, but since the theoretical treatment is 
unavoidably somewhat involved, it will be useful at this stage 
to state the main deductions to which it leads. Under normal 
conditions an anemometer is generally used to measure wind 
speeds appreciably higher than the lowest speed which will 
just set the vanes in rotation In these circumstances it is 
found that the effect of friction at the bearings can be neglected, 
and it will be shown that the rotational speed of the vanes will 
then depend only on the velocity of the air and not on its density. 
The readings of a well-made anemometer, in which the frictional 
resistance is very small, do not therefore require correction for 
atmospheric pressure and temperature provided that the vanes 


are not rotating too slowly. For special low-speed work 
variations of the density of the air may, however, become im- 
portant, and should be taken into account by the method 
shortly to be described. 

As we have already seen in dealing with the flow of air in 
pipes, there is in general a variation in velocity from point to 
point across a section of a pipe, from which it follows that when 
an anemometer is used to measure the speed of air flowing along 
a pipe there will usually be a variation of wind speed across 
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the anemometer disc. Theory shows that under these con- 
ditions the anemometer does not indicate accurately the speed 
of the filament of air passing through the centre of the disc, 
and that quite important errors may arise from this cause. 
It appears therefore that, in order to avoid such errors, the 
diameter of the anemometer should be fairly small in com- 
parison with that of the pipe, so that the variation of speed 
across the instrument itself is small. Unless precautions are 
taken to equalise the velocity at different points along the 
pipe diameter, if a marked variation originally exists, an 
anemometer should not be used in a pipe whose diameter is 
less than about six times, preferably eight times, that of the 
instrument. 

Measurement of the Rate of Flow in Pipes with 
Vane Anemometers.—Like the Pitot tube, the vane anemo- 
meter measures a local velocity which, subject to the limitations 
mentioned above, may be taken as the velocity of the filament 
of air passing through the centre of the vane wheel. In order, 
therefore, to determine the quantity of air flowing along a 
pipe by the use of this instrument, readings of velocity must 
be taken at a number of points across the section whose positions 
are determined in the manner indicated in Chapter V.; in 
other words, readings must be taken with the axis of the vane 
wheel at the points at which the velocity head would be ob- 
served if a Pitot tube were being employed for the purpose. 
If v,, Ve, V3, etc., are the air speeds in feet per second thus 
observed, the mean speed is given by 


V. = 


(% i Ve + U3 + . 


I 
n 


where 1s the number of readings taken. 
The volume of air flowing in cubic feet per minute is 


V = 60Av,, 


where A 1s the area of the pipe section in square feet, and, 
since I cubic foot of dry air at 60° F. and 29'92 inches of mercury 
barometric pressure weighs 0:0763 pound, the weight of air 
flowing in pounds per minute is 

b 520 

== 6 ) ° 
QO oAv,, X 0:0763 X 29°02 x 60 +t 


b 
= 79 6AV», x (460 +98 
where b is the barometric pressure in inches of mercury and 
tis the temperature of the air in the pipe in degrees Fahrenheit. 
It should be noted that in this equation b is the pressure of 
the air (in inches of mercury) in the pipe, so that the remarks 
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made in Chapter V. regarding the allowance that must be made 
for the static pressure in the pipe if this exceeds 8 inches of 
water above or below atmosphere, apply also to cases in which 
the vane anemometer is used. It is, however, very unlikely 
that such static pressures will be experienced in any practical 
case in which the vane anemometer can conveniently be em- 
ployed. 


THE THEORY OF THE VANE ANEMOMETER.* 


Aerodynamic Characteristics of Flat Plates. — lhe 
vane anemometer consists of a 
number of small flat plates in- 
clined at an angle to the direc- 
tion of the wind ; let us there- 
fore consider the system of 
forces that acts on a flat plate 
when exposed to an air current. ot 
In Fig. 35 AB represents an Wind 
end view of the plate inclined aio, 
at an angle a to the wind di- 
rection, this angle being usually 
termed the angle of incidence of the plate. 
Let V be the wind speed, p the density of the air, and S the 
area of the plate. Experiment shows that the aerodynamic 
reactions in the plate may be reduced to a single force F acting 
along OP, the point O, whose position along AB depends upon 
the incidence a, being known as the centre of pressure. It is 
found also that OP usually makes a small angle y, as shown, 
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Fic. 36. 


* Most of the material in this section has been taken from the following 
papers written by the author: ‘“‘A Low-Speed Vane Anemometer,’ 
Journal Scientific Instruments, January, 1926, ‘“ The Theory of the 
Vane Anemometer,” Phil. Mag., 1926, ii., p. 881. 
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with the normal to the wind direction through O, and that 
the magnitude of the force F is given by the equation, 

F = KpV%Sa, . , . (1) 
where K is a numerical coefficient whose value depends upon 
a. Usually it will be found more convenient to resolve the 


40 ——$___ ____ — 
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Values of y (degrees) 











Angie of Incidence ¢ (degrees) 
Fic. 37. 
force F into two components L and D respectively perpendicular 
to and along the wind direction. Thus 
L = KpV°Sa cos y) 
D = KpV°Sa sin yJ 


Values of K at different angles of incidence have been ob- 
tained experimentally by the author for typical anemometer 
blades, and are given in the following table and in Fig. 36. 
Values of y deduced from G. Eiffel’s experimental results * 
for small square flat plates are shown in the same table and are 
plotted in Fig. 37. 

TABLE VII 





Angle of 
Incidence 
Degrees. 


y 
Degrees. 





0'0123 
0°0139 
O'0174 
0:0172 
0:0167 
00160 
O-OI51 














Application of Flat Plate Characteristics to the 
Anemometer.—We may now consider the aerodynamic 
characteristics of flat plates in relation to their application 
to the vane anemometer. The following notation will be 
used :— 


* See La Resistance de l’Air et l’Aviation, p. 134. 
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= resultant wind force on one blade, 
= frictional resisting torque, 
= wind torque on blades, 
= wind velocity, 
= linear tangential velocity of centre of pressure of blade, 
= /V24 y? = velocity of wind relative to blade, 
= wind force coefficient (see above), 
; weight per unit volume 
= air density = — ; 


Ade LOK 





& 

inclination of blade (when at rest) to wind direction, 

= inclination of blade to relative wind = effective in- 
cidence of blade, 

inclination of resultant wind force on blade to perpendi- 
cular to direction of relative wind, 

rotational speed of blades, 

rotational speed of pointer, 

gearing constant, such that N = Cv, 


esd 3D 


= area of one blade, 

= diameter over blade tips, 

number of blades, 

= distance of centre of pressure of blades from axis of 
rotation, 

total moment of inertia of all blades about axis of 

rotation, 

= acceleration due to gravity. 


— 


A. H. Shafer has been recently appointed Manager of The Foxboro 
Company's Pittsburgh Office, replacing H. S. Gray who is now in charge 
of office routine at the home plant. 


\—ra—Orr~_ 





A Porcelain Insulator, a Recorder Chart or—a 
Complete Pyrometer Control Installation can 


be furnished by 
CLAUD 8S. GORDON COMPANY 


‘“*THE HOUSE OF SERVICE” 
. Established 1914 
CHICAGO CLEVELAND INDIANAPOLIS 


Write for Catalogue 
Our Engineers will Install, Repair and Service All Makes and Types 











When writing to the above company, please mention INSTRUMENTS 
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NEW INSTRUMENTS 


Recently Developed by Instrument Manufacturers 









Write Information Section, Instruments Publishing Co., Pittsburgh, Pa., for 
additional Information. 







New Automatic Compression 
Spring Testing and Selecting 
Auto Gage 


(Toledo Precision Devices, Inc.) 







HIS new Auto Gage will prove of value to all manufacturers who seek 

uniformity in compression coil springs. As they pass through the 
Auto Gage each spring is compressed to a predetermined length, and the 
expansive force exerted by each spring thus placed under compression, is 
automatically indicated in pounds on a large dial. The springs are then 
discharged through a swinging chute, those of the proper stiffness dropping 
into one bin, those which are too stiff into 
another bin, and those not stiff enough 
into a third bin. 

The Auto Gage may be set to compress 
and test springs of different lengths, and 
different degrees of stiffness, and to sort 
them within any desired tolerance. For 
example: it may be adjusted to compress 
valve springs to a length of 21% inches, and 
to select and drop into one bin all springs 
exerting between 35 and 40 lbs. of ex- 
pansive force when so compressed. Those 
exerting less than 35 Ibs. being discharged 
into a second bin, and those exerting more 
than 40 lbs. being discharged into a third 
bin. The machine can be readily ad- 
justed to make the tolerance as close or 
as liberal as desired. 

The springs are dropped into 
sockets in a disk, which is inter- 
mittently rotated, carrying each 
spring beneath a plunger which 
descends and compresses the spring 
to a predetermined length. The 
pointer on the dial automatically 
indicates the force exerted by the 
spring when compressed, and the 
chute swings to position to discharge the spring into the proper bin. 

Never before has there been a device designed to accomplish the results 
which this new Auto Gage gives. Not only is it accurate in its operation, 
but it is also automatic. The Toledo Spring Testing Auto Gage can be 
set to select springs with a tolerance as low as four ounces. 
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Rectifier Type Instruments 
W. N. Goodwin, Jr.* 


General. This type of instrument is used principally for the purpose of measuring alter- 
nating currents of such small magnitude that they cannot be measured readily by means of 
the ordinary types of A. C. instruments such as thermal, soft iron and electrodynamometer 
types. 

It is also useful where accuracy is not of so much importance as ruggedness and ability 
to withstand heavy overloads without damage. 

Construction. It consists of a sensitive direct current permanent magnet movable coil 
instrument used in connection with a rectifier made of 4 sets of copper oxide discs arranged 
in the 4 arms of a Wheatstone bridge circuit, the instrument being connected as the usual 
galvanometer in the bridge circuit. The copper oxide discs are so arranged that both halves 
of the A. C. wave pass through the instrument in the same direction as shown in Fig. 1. 

Principle of Operation. As stated above, each half of the A. C. wave is rectified and 
passes through the instrument in the same direction, and since the instrument is a permanent 
magnet movable coil type the indications are proportional to the simple average value of the 
wave, and not to the squares of instantaneous values as is the case in A. C. instruments of 
the ordinary type, which are universally calibrated in root mean square values (R.M.S.). 





RESTLER Temp 


Fig- 1 


Fig: 2. (at right 











As it is very desirable, however, to measure alternating currents in the conventiona 
R.MS. values, the rectifier instruments are calibrated by using as alternating current having 
a pure sine wave shape, and the scale figured in R.MS. values. 

It is obvious, therefore, that if the alternating current to be measured has any other shape 
than sinusoidal, errors will result, since the relation existing between R.MS. and average 
values for sine waves in general is quite different from the corresponding relation for other 
wave shapes. This and other sources of error will be considered below. 

Accuracy The principal sources of error in the rectifier type instrument are tempera- 
ture, frequency, wave form, and the fact that the resistance of the rectifier varies with the 
amount of current passing through the discs. In addition to these, there may be permanent 
changes which may take place in time, but which experience thus far has not fully established. 

Temperature Errors. Errors due to temperature changes depend upon the resistance of 
the circuit and upon the current passing through the rectifier. In voltmeters this is equiva- 
lent to stating that temperature errors depend upon the range in volts and upon the resistance 
in ohms per volt. 

Temperature errors are the result of 2 changes which occur in copper oxide. When the 
temperature increases the rectifying property, diminishes, or stated technically, the rectifi- 
cation ratio is reduced, and at the same time the resistance of the rectifier is reduced. These 
2 effects are in opposite directions upon the instrument indications, and fortunately, in most 
practical instances, actually neutralize each other near room temperature. 

For voltmeters of the usual resistance of 1000 or 2000 ohms per volt, and for ranges from 
1.5 to 20 volts, if used between temperatures of 18°C. and 35°C. (64°F. to 95°F.), errors due 
to temperature alone will probably not exceed 2%. For ranges above 20 volts, and for 


*Chief Engineer, Weston Electrical Instrument Corporation. 
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milliammeters, the temperature range may be 18°C. to 30°C. (64°F. to 86°F.) without exceed- 
ing an error of 2%. As the temperature effects increase rapidly for temperatures outside 
the above limits, it is very desirable to make all measurements within the temperatures stated. 
These errors are of course in addition to the usual scale calibration and adjustment errors. 

Frequency Errors. Up to 35,000 cycles per second the instrument indications decrease 
at a substantially uniform rate of approximately 14 of 1% for each 1000 cycle increase in 
frequency. For example, at 4000 cycles per second the instrument would indicate 4 x 14 = 
2% low. 

Errors Due to Change in Current Density. The resistance of a given rectifier depends 
upon the magnitude of the current passing through it, or in other words, upon the voltage 
drop across it. The resistance increases as the current density or voltage drop decreases 
An instrument, therefore, has a lower resistance for full scale current or voltage than at 
any lower part of the scale. 

In voltmeters, this resistance change is calibrated into the scale and, therefore, results in 
no error as far as the instrument indications are concerned. However, since the resistance 
changes, the instrument acts as a varying load on the circuit tested and if the circuit has 
a relatively high resistance, the instrument resistance variations may affect the terminal 
voltage in the circuit being tested, although the instrument will correctly measure the 
actual voltage applied to its binding posts. 

When a rectifier type milliammeter is connected in a circuit, it affects the circuit con- 
ditions on account of its added resistance like any other type of instrument except that 
the effect depends upon the magnitude of the current passing, and the error will depend 
upon the total resistance of the circuit including the instrument, and also upon the current, 
that is, upon the scale indication. 

For example, the rectifier usually used in a 500 microampere instrument of the 314” size 
(Model 301) will have a resistance of approximately 710 ohms including the D. C. instrument 
at full scale, 500 microamperes, and 1540 ohms at 0.3 scale or 150 microamperes. (See Fig. 2.) 

If the circuit resistance is relatively very high then this change will result in negligible 
errors. If, however, the circuit under test has a low resistance, say 1000 ohms, then the 
total circuit resistance for a current of 500 microamperes would be 1000-++-710=1710 ohms 
and the current indicated will be 1000/1710 x 100 = 58.8% of that which would have resulted 
if the instrument had not been in circuit. For a current of 150 microamperes, the circuit 
resistance would be 1000+1540=2540 ohms and the current indicated is, therefore, 
1000/2540x100 = 39.4% of that which have resulted had the instrument not been in circuit. 

It must be remembered, however, that the instrument correctly indicates the actual 
current passing at any time, but the magnitude of this current depends partly upon the 
presence of the instrument in the circuit, as in the case of any other type of milliammeters. 

Another effect produced by the varying resistance of the rectifier is to slightly distort 
the wave form of the current in the circuit, which may cause a slight error. As a guide in 
estimating the effects of the varying resis ances of the rectifier type instrument, the fol- 
lowing tabulated values are given for Model 301 instruments. 


Approx. Res. at 





Approx. Res. at 


Range Full Scale 0.3 Scale 
500 Microamperes.... . Diets 

1 Milliampere............. Ay ‘ 440 930 

2 Milliamperes..... . : : 290 590 

5 Milliamperes... . ae : 180 325 





Wave Form Errors. As stated above, since a D. C. instrument is used, the rectifier type 
instrument actually measures the average values of the rectified wave. The conventional 
manner of designating alternating currents or voltages is to state them in terms of their 
root mean square (R.M.S.) or effective values, for the reason that the ordinary A. C. instru- 
ments indicates these values, and power is proportional to these values. 

For this reason, rectifier instruments are calibrated with currents or voltages having a 
sinusoidal wave form and the scale is figured in R.MS. values. It is obvious, therefore, 
that the instrument indicates correctly only if the currents or voltages measured have sine 
wave shapes. For other wave shapes errors will result, of varying magnitudes depending 
upon the variation from the true sine wave shape. 

As a simple illustration to show the possible magnitude of errors due to wave form, 
consider the rectangular wave shown in Fig. 3. This shape of wave is that which would 
be produced by commutating the voltage of a battery or other D. C. source. 

From simple inspection it is seen that the maximum, R.M.S. and average values of the 
rectified wave are all equal and equal to v. 

If, however, a voltage of this wave form is measured on the rectifier instrument it will 
indicate the R.MS. value of a pure sine wave which has the same average value v that the 
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actual wave has. Now it is well known that the R.MS. value of a sine wave, whose averag 
value is v, is 1.11 v so that the instrument will indicate about 11% too high for this wave 
form. 

Any wave form can be expressed as the sum of a series of pure -. waves consisting 0 
a fundamental and of harmonics, the harmonics having frequencies of 2, 3, 4, 5, etc. times the 
fundamental frequencies. Pure A. C. waves can consist of the odd harmonics only, 3, 5, 7, 
etc. For example, the above rectangular wave consists of a fundamental wave of a magni- 
tude of say 100%, and the following series of harmonics, 3314% third, 20% fifth, 1 


Ze 
seventh, etc. 












































Fig 3 


The errors produced by distorted wave shapes depend not only upon the magnitude 
of the harmonic, but upon its phase relation. The effective or R.MSS. value of any distorted 
wave is equal to the square root of the sum of the squares of the R.M.S. values of the funda- 
mental and each harmonic, that is 


V= Vvi2+v32?+V52+ 
whereas the average value of a rectified distorted wave is the average value of the funda- 
mental plus or minus the value of each harmonic averaged over a half fundamental cycle, 
depending upon the phase. 
The following tabulated values give some idea as to the magnitude of errors produced in 
measuring distorted wave shapes. 


Ratio of 
Magnitude in Per- Phase Indication to 
Harmonic cent of Fundamental Displacement True R.M.S. Value 
3rd 10 180 0.961 
3rd 20 0.927 
3rd 30 0.862 


3rd 334% 0.840 
3rd 33% .052 


Sth 10 970 
5th 20 
5th 30 


ard & Sth 30 & 30 
ard & Sth 30 & 30 
3rd & Sth 30 & 30 
3rd & Sth 30 & 30 

It is quite evident from the above discussion that among the errors which may be en- 
countered in the use of rectifier type instruments, those resulting from wave form are the 
most serious. 

There is also the possibility that a permanent change may take place in time in the copper 
oxide itself, but observations to date indicate that such changes are small, probably of the 
order of 1% or less. 

In general it may be stated that if the instrument is used on wave forms closely approxi- 
mating sine waves, such as found on lighting circuits, and if used at room temperature, the 
indications may be relied upon to within about 5% ‘of full scale value. Errors due to fre 
quency can be corrected. 


THE MERIAM Co. » 
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Pittsburgh Truck Recorder 


(Pittsburgh Taximeter Company) 





HE Pittsburgh Truck Recorder, a sturdy and rugged instrument, 
produces a record on a 7” diameter chart, for a 24 hour workday, and 
shows all the movements of the truck or vehicle. 

This instrument takes all guessing out of the picture. Instead of taking 
for granted the performance of trucks, the only conclusive way to tell 
whether the maximum efficiency together with the lowest upkeep on in- 
dividual or a fleet of trucks is obtained, is to have a daily chart record. The 
chart records of this recorder are effective, simple and entirely reliable, and 
thereby eliminate any controversy arising from self-interest, faulty memory 
or incorrect testimony of employees or others. 

The Chart Record as produced on this chart, is a punched record so as to 
prevent any possible tampering with same. Also, if it is so desired this 
recorder can give a chart record in duplicate or triplicate. A triplicate 
chart record provides one copy for the garage, one for the district office and 
a copy for the main office. 

Some of the facts that can be read from the chart record are as follows: 

. Indication that trips have been run as per schedule. 

. To determine schedules. 

. Highest Speed: Miles per Hour. 

. Average Speed: Miles per Hour. 

Time and Duration of Stops. 

Time and Duration of Trips. 

Total Operating Time. 

. Total Idle Time. 

. Total Actual Running Time. 

. Time Truck is Taken out without 
Permission. 

. Mileage Used without Permission. 

12. Total Miles Traveled. 


The instrument also indicates to the driver, the accurate vehicle speed 
and the correct time of day. The mileage record shows the owner that the 
driver has not wasted gas and oil and that he is trying to reduce expenses. 


The Pittsburgh Truck Recorder is mounted on the dashboard of the 
vehicle and is driven by means of a transmission drive, the same as the speed- 
ometer drive. In most cases, it is only necessary to disconnect the cable 
from the present speedometer and connect same to the recorder. This 
type of installation is very durable and will give dependable service the year 
around. 

Here is a specific and typical example one record covering one working 
day for one vehicle which is shown on the chart below:— 


Perhaps the truck is scheduled to start work at seven every morning. 
(Do they?) Then, how long does it take to put on the first load? Maybe 
half an hour some days, but an hour other days. Between ten and eleven 
someone calls to know where that “promised early delivery” has gone. 
(It left the shipping platform on time. Something must be wrong some- 
where.) Just about that time the traffice manager learns of a summons to 
trafic court for charges of speeding against one of his drivers. (Is he 
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guilty?) Then, too, to get the monthly gasoline and tire expenditure. 
Why do the trucks use so much gas and are so hard on tires? (How far 
do they travel a day?) 


Oil Immersed 
Induction 
Regulators 


HE demand for smaller, more compact in- 

duction feeder voltage regulators, led to 

the design of this totally submerged regulator. 

It may be used either indoors or outdoors. 
Desirable features embodied in this regulator 
includes reduced height, oil immersed motor 

and operating mechanism and quiet operation. 

| This regulator has been developed by the 
i Westinghouse Electric and Manufacturing 
Company to supplement the well known line 

| of Type “C” Regulators. 





Front view of type S Regulator, its neatness 
and compactness. 








November, 1930 INSTRUMENTS Page 711 





Protective System of 3-Wire Control 


Bb pin Minneapolis-Honeywell Regulator Company has developed a safety 
system of 3 wire control, designated by them as “Series 10,” which they 
utilize in some of their temperature and pressure controllers. Basically, 
it involves the making at the temperature or pressure controller of a circuit 
to start the load, such as the motor operated valve of a fuel oil or gas burner, 
and the breaking of the same circuit to stop it. Hence any failure of wiring 
—breakage, poor connections, etc., through this closed circuit wiring 
instantly shuts off the burner. An adjustable lag provision is inherent in 
the instrument design with the result that vibrations will not cause rapid 
starting and stopping of the burner. Rather, the locking action of the 
circuit makes relay operation positive. The fact that the actuated blade of 
the instrument is unrestricted in one direction of travel accounts for greater 
constancy and sensitivity than the standard 3 wire controllers where a 
separate strain release for both movements must be employed. 

By referring to Fig. 1 it will be noted that one side of the secondary of the 
transformer which furnishes low voltage to this control circuit is connected 
to the white (high) contact post of the temperature controller, illustrated 
here as a simple thermostat, and the other side is connected to the relay 
coil. When the temperature falls sufficiently to close first the blue (low) 
and then the white (high) thermostat contacts, the circuit is completed 
from the white contact of the thermostat, to the secondary of trans- 
former, to the relay coil and back to the blue thermostat contact. The 
relay coil, thus energized, will pull in the armature and close its contacts, 
thereby completing the red holding circuit through contact No. 1 of 
the relay. The circuit then holding the relay in place is from the white 
contact of the thermostat, through the secondary of the transformer, 
the relay coil, to No. 1 red contact of the relay back to the red (common) 


post of the thermostat. 
Red 
. 
Saft Blade — 


Cold -— 
Warm 




















—ew—e—s Transformer 


io. _ 



































7 1 | owing Position of Relayand Thermostatic Con 
Showing Position of Relay and Thermostat x , 


. de le > lot, Yoerul 
troller Contacts when the Motor ts Idle troller when the Motor is Operating 


Upon closing the relay contacts No. 2 in the motor circuit is made and 
the burner starts. 

As the temperature rises, the blue contact will be broken—but the motor 
will not stop because relay is being held in by the red holding circuit. A 
lag adjustment is made in the thermostat mechanism by virtue of the 
flexible blade which retards the breaking of the white upon temperature 
change. When this contact of the thermostat is broken, opening the circuit 
to the coil, the relay drops out, hence disconnecting the load. 
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New Model Dial Thickness Gage 


(Federal Products Corp.) 





ODEL 390 is similar to a gage 

already available, which was 
graduated in 0.001 in. This gage 
is calibrated in 0.0001. The gradu- 
ations are the same distance apart 
as the graduations equalling 0.001 
on the ordinary dial indicator. The 
tension spring of the gage can be 
altered to suit various needs. Anvils 
are hardened and ground, either flat 
or ball pointed. The spindle is 
raised by pressing down on the 
small lever at the top. 

The field for this gage is for 
measuring any type of flat material 
within the range of the gage such as 
felt, sheet metal, leather, fabrics, 
cardboard, rubber, celluloid, battery 
separators, fibre, webbing, and glass. 











American Dead Weight Pressure 
Gage Tester 


(Consolidated Ashcroft Hancock Company Inc.) 


HIS instrument is a simple and compact mechanism for the testing of all 
pressure gages up to 1000 lbs. 

Since the testing is made by the use of dead weights in 5 lb. units, this 
type of tester is very accurate. The only in 
accuracy possible is due to the tolerances in the 
piston diameter and weights. This amounts to 
less than 0.1% of the actual reading while a com- 
mercial gage is accurate to about 1% of the range 
and a test gage 0.5% of the range. The lowest 

pressure which can be tested is that 
corresponding to the weight of the 
piston. The tester for pressures to 
200 Ibs., 300 Ibs. and 500 Ibs. has a 
1Q” piston which weighs 5 lbs. The 
tester for 800 lbs. and 1000 lbs. has a 
piston ;'s” diameter and weighs 10 lbs. 

The weights are die cast. They are stacked on posts on the same base as 

the tester, for convenience in using, and to prevent their being mislaid. 
This also makes for a compact unit. The tester is made of brass, nickel- 
plated and is an integral part of the cast iron base. The cover is made 
of sheet steel with a crystallized finish, and fits over the complete tester 
and may be locked to the base. All the necessary tools are suplied in a 
convenient, fabrikoid carrying case. They consist of two wrenches, a 
screw driver, pliers, gauge pointer remover, gauge pointer setter, a spirit 
level and the necessary connection nipples. 
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Three New Oscillographs 


i bres new permanet-magnet oscillographs, for studying a multitude 
of phenomena that vary rapidly with time, have been announced by the 
General Electric Company. They include a 6 element, general-purpose 
oscillograph, a 2 element, portable type, and a continuous-viewing one. 

The constantly increasing use of oscillographs by electrical engineers 
engaged in the design and application of electrical machinery is now ex- 
tending to the larger group of electrical engineers who use and operate the 
machinery, to mechanical engineers in their study of vibrations, pressures 
and performance sequences, and to development engineers for “visualizing” 
the new and unknown in their many projected schemes. The medical 
profession uses oscillographs in the study of heart beats; and, in schools and 
colleges, oscillographs make clear to the students things which would other- 
wise be uncertain and intangible. This extensive use has resulted from a 
more general realization of the utility of these instruments and from the 
great advances in design which have made possible their wide-spread use. 

Such a use of oscillographs is not satisfied by a single design of instrument. 
For the lower frequencies, such as those up to 2000 cycles second, the mag- 
netic type of oscillograph galvanometer is used; for higher frequencies the 
cathode-ray beam, having no inertia, is used to trace the record on the 
photographic film. The new instruments are of the permanent-magnet 


type. 

General-purpose Six-element Oscillograph. The new general-purpose 
6 element oscillograph is of compact design and is supplied with a protective 
carrying case for portability. A seventh or timing vibrator makes it a 
seven-element instrument for many purposes. The galvanometer circuit 
switches and protective fuses are located on the top, and the circuit resistors 
are easily available on the sides. The long-life incandescent lamp and the 
film-driving motor operate from a 6 volt storage battery or an alternating: 
current power source. 

The film holders are of the magazine type providing for several exposures, 
or the continuous-drive type providing for long single exposures, as up to 
20-foot films. The automatic shutter tripping mechanism, providing for 
proper time sequence of operating the shutter, is a new and exclusive 
feature. The walnut case measures 26” x 12” x 9”, and the main unit 
weighs 70 lbs. complete. 

The instrument is rated for operation at 250 volts, withstanding a high- 
potential of 10,000 volts at 60 cycles for one minute between galvanometers 
and between galvanometers and ground. External resistors for operation 
up to 3,000 volts are available. 

If the recording of power is desired, a 3 element watt-galvanometer which 
may be connected to record the summation of the instantaneous values of 
power in the phase of a 3 wire, or 3 phase 4 wire circuit. Watt galvano- 
meters, interchangeable with the current and voltage galvanometers, are 
alsoavailable. The leads from these elements connect to the station current 
and potential transformers through external rheostats suitably mounted. 

Automatic operation for use on transmission lines is provided by the use 
of proper auxiliary relays. These provide for starting the film-driving 
motor from rest, and bringing the lamp up to required brilliancy, so that the 
record is obtained in about 10 cycles (of a 60-cycle wave) after the occurrence 
of a disturbance. 
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Fig. 1. Six-element, General-purpose Oscillograph, Type PM-10 
Fig. 2. Two-element, Portable Oscillograph, Type PM-12. 
Fig. 3. Continuous-viewing Oscillograph, Type PM-11. 


Portable Two-element Oscillograph. For viewing the wave form of the 
circuit current and voltage just as one uses an ammeter or a voltmeter, the 
portable 2 element oscillograph is provided with 2 galvanometers, one for 
current and one for voltage. It is entirely self-contained, and weighs only 
27 lbs. The record is observed on a screen, or may be presented to the 
view of an audience, and a camera for photographing the record is provided. 

The principal application of this oscillograph is for viewing the wave 
shapes of recurrent phenomena. A transient may be seen if it is not of too 
short duration, and the portion corresponding to a single movement of the 
light beams across the film may be recorded. 


Continuous-viewing Oscillograph. The continuous-viewing 2 element 
oscillograph will show wave forms on a screen, is designed for continuous 
operation, and can be used by operators not particularly skilled in instru- 
ment use. A self-starting single-phase synchronous motor, operating from 
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a 110-120 volt lighting circuit, drives the oscillating mirror that projects the 
light beam on the screen. These waves will appear stationary on the screen 
if the alternating-current source used to operate the synchronous motor is 
the same as that connected to the galvanometers. The waves may be 
traced if desired or may be photographed if sensitized paper is placed over 
the screen and the oscillograph is used ina dark room. This gives a record 
of wave shapes and phase relations which is inexpensive and yet is satis- 
factory for analysis. 


Half Million Volt X-Rays 


X-rays at 500,000 volts, more than twice as high a voltage as is being used 
in today’s most powerful therapy tubes, have been attained by Dr. W. D. 
Coolidge, associate director of the General Electric research laboratory at 
Schenectady. Such a decided increase in voltage, and hence increase in 
penetrating power of the rays, was made possible by a system of “cascading” 
the tube, an arrangement devised by Dr. Coolidge in his work with high- 
voltage cathode-ray tubes. 

The announcement of the new tube was made at the convention of The 
American Roentgen Ray Society, at West Baden Springs, Ind., on Septem- 
ber 24, when the Caldwell lecture was given by Dr. Coolidge. In his talk, 
wherein he reviewed the development of modern X-ray generating apparatus 
Dr. Coolidge not only announced that X-rays at a half-million volts had 
been attained in the Schenectady laboratory, but he also stated that another 
X-ray tube is now being developed there to operate at 900,000 volts. 

The 500,000-volt X-ray tube, Dr. Coolidge said, is built in 2 sections. 
In his previous work in cathode-ray tube development it was found that 


tubes can be built for very high voltages by the use of a cascade (or sectional) 
system, and that by this method there appears to be no limit to the voltage 
which can be used. The target replaces the “window” of the cathode-ray 
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tube so that, instead of cathode rays being emitted by the tube through 
such a “window,” X-rays of exceedingly high penetrability are generated 
by the impact of the electrons (or cathode rays) on the target. 

Earlier attempts in the Schenectady laboratory to build experimental 
X-ray and cathode-ray tubes for voltages appreciably in excess of 250,000 
ran into difficulties due to a “cold cathode” effect, whereby current flowed 
through the tube even when the cathode filament was not heated. Con- 
tinued investigations showed that this limitation could be removed by divid- 
ing the voltage applied to the tube between different pairs of tubular 
electrodes. By thus dividing the tube into sections, each of which may be 
good for as much as 300,000 volts, a three-section cathode-ray tube for 
900,000 volts was constructed some years ago. Such a cascade or multi- 
sectional system, Dr. Coolidge, found, promises to permit the building of 
vacuum discharge tubes for as high voltage as can be generated—and voltages 
of millions are being produced in the Pittsfield laboratory of the General 
Electric Company. The use of the cascade tube applies equally well to 
X-ray and cathode-ray tubes, since the latter may be converted into the 
former by the addition of a suitable target. 

The highest-voltage Coolidge X-ray tubes used commercially at the 
present time are of 200,000 volts peak capacity, and are of 2 types—water- 
cooled and air-cooled. Both are adaptable for X-ray therapy. The air- 
cooled type has been used to considerable advantage in industrial applica- 
tions of X-rays, since the high voltage gives the necessary penetration 
required for examining the heavier metal objects. Industrially, higher 
voltages would permit radiography of thicker metals, and shorten times 
of exposures. 


urn 


Compact Multiple Manometer 


HE combination instrument shown in the accompanying illustration is 
designed to overcome the difficulty of mounting pressure and flow 
instruments of the manometer type in a neat and compact manner on control 
panels. It is manufactured by the Meriam Co. 

This neat appearance is sometimes difficult to obtain with the ordinary 
types of draft gages where widely differing pressures must be indicated, 
because the principle of the gage 
depends upon the length of the 
tube and the liquid used. As 
a result, compactness may have 
to be sacrificed to obtain the 
basic accuracy which is the 
characteristic of the manometer 

principle. 
The particular instrument 
shown is one of several made 
for panel mounting in the plant of the Gulf Production Co., Pittsburgh, Pa. 
for the measurement of forced draft furnace and stack conditions on pul- 
verized coal fired boilers. There are 3 draft gages in the combination 
instrument. One of these measures up to 6 inch wager gage pressure, and 
is connected to the forced draft at the fire-box. The second and third are 
of the inclined tube type and measure the draft at the fire arch of the boiler 























November, 193: INSTRUMENTS Page 717 








and at the stack outlet respectively. They have a range of only one inch 
water gage. In order to get as large a reading as possible, red oil is used in 
the inclined manometers, while to reduce the length of tube necessary for 
measuring the 6 inch force draft pressure, the liquid used in the vertical 
manometer is a special preparation having the unusual specific gravity of 
2.97-—that is, somewhat heavier than that of hard drawn aluminum. This 
high specific gravity permits the length of the tube to be reduced to a little 
over 2 inches, and thus the entire apparatus can be easily contained in the 
standard 17” x 5%” polished aluminum case used for the regular Meriam 
draft gages. The fill-plugs are placed conveniently at the top of the 
instrument. 


New Magnetic Contactor Used 
On Cutler-Hammer A. C. 
Motor Control 


(Cutler-Hammer, Inc.) 


HIS new contactor provides many features which are of interest. The 

contacts are of heavy coin-silver which retains its current carrying 
capacity even if oxidized and always makes a good contact with little temper- 
ature rise. The “Twin Break” principle reduces the arc voltage by half, 
and Thermoplax arc pockets, by reducing the air content around the con- 
tacts, actually prevents the forma- 
tion of a destructive arc. These 
arc pockets also act as a shield so 
that wires which are run along the 
side of the contactor cannot inter- 
fere with its operation. 

A magnetic latch has been added 
to prevent accidental closure of the 
contacts if the starter is accidentally 
bumped or tilted—the latch must 
be drawn aside by the operating 
magnet before the contacts can close. 
This is an important feature, es- 
pecially if the starter is mounted 
on moving machinery. A new 
hinge structure facilitates removing 
and replacing the contact board and 
insures correct replacing of the board before the starter can operate. 


These new contactors are made in 3 and 4 pole types. The maximum 
rating for 2 or 3 phase are: 3 H. P., 110 volts; 5 H. P., 220 volts and 7! H. P 
440 or 550 volts. The illustration is of the Bul. 9586 across-the-line type 
starter which is using this new contactor. The contact board is removed 
to show the silver, butt type contacts. 
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A New Line Drop Compensator 








A NEW line drop compensa- 
tor that has no contacts nor 
taps has been developed by the 
Westinghouse Electric and 
Manufacturing Company. Two 
miniature induction regulators 
from the main part of the com- 
pensator are horizontally mount- 
ed in the lower part of the case. 
Above the regulators are fastened 
the resistance for the primary 
relay compounding coils and the 
resistance which serves both as 
the primary relay series resistance 
and the compensating resistance. 

Losses are kept at a minimum 


in this compensator by combining the primary relay resistor with the 
resistance element. Two scales are provided, one for 8.7 amperes and the 


other for 5 amperes. 


as 


Automatic Controller for A. C. 
Multi Speed Motors 


UTLER-HAMMER, Inc. announce the development of a new auto 
matic controller for two speed, consequent pole type (reconnected) 


squirrel cage motors. 

















This controller, known as Bulletin 9739, functions 


to start the motor and to change its 
speed by reconnecting the motor 
windings. It provides thermal 
overload protection at both motor 
speeds and low voltage protection. 
A separate pushbutton master 
switch with “stop,” “low,” and 
“high” buttons provides three- 
wire remote control. 

These new controllers are furnish- 
ed for constant horsepower, con- 
stant torque, or variable torque 
motors. A sequence compelling 
feature can be furnished which 
makes it necessary to always start 
the motor on low speed before 
bringing it up to high speed. 


The entire mechanism is mounted on a single slate panel, which is easily 
removed from the case by removing four screws. The split type enclosing 
case provides easy access to all parts when the cover is opened. Conduit 
knockout holes are provided in the top, bottom and sides of the case. 
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Automatic Polishing Machine 
(Chemical Rubber Co.) 


HIS automatic Polishing Machine was designed in the laboratory of the 

Bureau of Standards after careful, accurate analyses of existing operating 
methods and equipment. The result is an automatic polishing machine 
which eliminates the personal equation inevitably arising in hand polishing. 
It automatically produces a plane surface with a high quality polish. The 
machine consists essentially of a polishing disc mounted horizontally 
on a duraluminum casting which has been heat treated. This casting 
is attached rigidly to a cast iron 
table to prevent any possibility of 
distortion. The polishing disc is 
belt driven by means of a % h. p. 
motor and rotates at 400 r. p. m. 

Passing vertically through the 
shaft carrying the polishing disc 
is a second spindle to which is 
attached an eccentric gear. This 
eccentric gear drives the specimen 
holders, of which there are 3 in such 
a way that the specimen is slowly 
moved back and forth along the 
radius of the turning disc. 

At the same time the specimen is 
slowly rotated so that the direction 
in which it is polished is continually 
changed. The gear reduction for 
the rotating of the specimen is 
accomplished by a train of gears 
contained in a gear box located 
directly beneath the main drive 
pulley. This reduction ratio is 
100 to 1 so that the specimen 
revolves on the polishing disc at 
4r. p.m. 

This rotating movement of the 
specimen prevents pitting and the 
formation of “comet tails” at in- 
clusions. 

In this machine all specimens 
must be mounted. The specimen holders will accommodate specimens up 
to 1 inch in diameter and 1 inch high. The ring in which the specimen is 
mounted fits into a sleeve mounted on anarm. A tension spring holds each 
arm in contact with the central eccentric gear. One, two, or three speci- 
mens can be polished at one time. The arms can also be disengaged while 
the machine is in operation. 

The specimen holder containing the specimen is held positively in the 
sleeve with just enough clearance so that the weight of the specimen will 
bring it in contact with the polishing disc. The tolerance, however, is so 
close that there is no play between the specimen holder and sleeve. 
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As a general rule, the weight of the mounted specimen is sufficient 
pressure against the polishing disc. However, additional pressure can be 
applied by tightening the thumb screw on top of the arm. The pressure 
is transmitted by means of a spring to a pin which extends through the shaft 
carrying the specimen holder sleeve and rests on a disc placed on top of the 
specimen ring. 

The main bearing carrying the polishing disc is ball bearing and well 
protected against abrasives and water. All other bearings on the machine 
are oilless bearings. The polishing discs, arms carrying the specimen holder 
sleeves, main drive pulley, and idler pulleys are made of duraluminum. Al! 
other parts of the machine are made from stainless steel. 


_— 


U.C.C. Methane Indicating Detector 


HE Union Carbide Sales Company announces the new U. C. C. 

Methane Indicating Detector for testing air in coal mines. The dis- 
tinctive features of this instrument are portability, a scale which shows the 
percentage (from 0.1 to 7.0) of methane present, a detecting head that can 
be,located wherever desired, and exceptional accuracy. 

The outfit consists of a detector head, a meter case, a portable storage 
battery, anda cap lamp. Combustion of a methane and air mixture on the 
surface of a glowing non-catalytic filament increases its temperature and 
electrical resistance, thereby actuating a milliammeter needle. 




















The complete outfit weighs about 12 lbs., is worn strapped to the back 
and chest, and will operate continuously for 5 hr. without change of battery. 
The detecting head is attached to a flexible cable and can be placed anywhere 
a test is to be made. The dial is on top of the meter case which is worn on 
the chest; the control switches are recessed in the bottom. The cap light 
furnishes illumination for reading and inspection. The detector is ruggedly 
built and has safety features which permit changing of filaments even in 
gaseous areas. A spare battery and all necessary tools are included. 
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New Indicating Pyrometer 


Controller 
if utes new Brown Model 801 Indicating Pyrometer Controller illustrated 


can be supplied as an automatic control pyrometer, resistance thermo- 
meter, tachometer, or COs» meter. 
Outstanding advantages of this instrument are: 

1. Reading observed directly on 
6” scale. 

2. Index on scale for setting to 
exact control point. 

3. Control point instantly and 
easily adjustable. 

4. All wiring terminals and motor 
enclosed. No danger when 
used in the presence of ex- 
plosive or inflammable gases. 

5. Mercury switches up to 30 
amperes capacity, eliminating 
the necessity of relay equip 
ment. Make and break oc- 
curs in sealed glass tube. 
No danger of spark causing 
explosion. 

6. Suitable for “on and off” or “three position” control through 
switches, valves, dampers, etc. 

7. Available with patented safety device which opens furnace 
circuit if thermocouple or wiring fails, preventing burning out 
furnace. 

8. High internal resistance, insuring accuracy. 

9. Automatic internal compensation eliminating cold junction errors 
when instrument is supplied as a pyrometer. 

10. Simplicity and ruggedness insures minimum of attention. 

The control mechanism of Model 801 Indicating Pyrometer Controller 
combines the basic principle of the Brown Automatic Control Recorder 
with the new feature of mercury contacts for breaking high currents. 





Red-Reading Thermometer Tubing 


(Palmer Company) 


HERE have been many attempts to produce a contrasting effect, which 
would aid the user in distinguishing the top of the mercury column. 
Some of these helps have been more confusing than an aid and eventually 
were discarded for the regular white-back thermometer glass tube. Many 
mixtures of chemicals have been concocted which produced a red or other 
color in the reading column of the tube but none of these ingredients took 


the place of mercury. 
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Steering Gear Testing Auto-Check 


Fo Re irerecen ne Gear Testing AutoCheck for steering gear assembly 
has recently been announced by Toledo Precision Devices, Inc. 
Today automobile manufacturers have various means by which adjust- 
ments can be made to take up lost motion due to wear in steering gears. 
When steering gears are first assemlbed, it is desirable to adjust them so 

































































The Palmer “red-reading-mercury” glass 
colors the mercury column to show a bright 
red instead of the regular silver-mercury. 
This is accomplished by means of reflection. 
Mercury is a natural mirror so that by plac 
ing a strip of red or colored glass to the side 
of the bore or reading column and by having 
this bore turned toa slant, the red glass is 
reflected onto the mercury column and when 
visioned through the lens in front of the 
tube, only the red color is seen. The mer- 
cury is not disturbed or harmed by adding 
any chemical to change its color and you 
have the effect of reading a bright red 
column, with all the valuable properties 


that a definite amount of hand power 
is required to turn the wheel. The 
AutoCheck indicates the hand 
power required and thus enables 
proper adjustment to be made. In 
using the new AutoCheck the 
amount of play of the steering wheel 
is also readily determined, and the 
angular movement on each side of 
center of the drag link arm is indi- 
cated. 

In the operation of the Steering 
Gear Testing AutoCheck the hous- 
ing of the worm and sector assembly 
is first fixed in a quick operating 


lamping device on the machine. Then the free end of the steering wheel 
shaft is engaged in a socket connected by an ingenious system of gearing to 
a force measuring and indicating instrument. When in this position, turn- 
ing the crank will show how much power is required on the steering wheel 
to turn the steering gear to any position. Various adjustments may then 
be made to bring the sector into proper mesh with the worm on the shaft, 
and the desired resistance to turning, proper wheel play, and correct drag 
link arm movement may be inspected. This device is so designed that it 
can be made to fit any type of steering gear. 
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NU-TYP TAG Hydrometer 


(C. J. Tagliabue Mfg. Co.) 

























Je 
“ INCE simplicity 

is of construction GLASS CONTRACTED 

m makes for a more INSIDE TO HOLD METAL 

e rugged instrument 

“ and consequently less 

. liklihood of breakage 

‘ TAG has designed SOLID METAL SMOOTH CONTOUR 
a hydrometer with NOT MERCURY. NO SHARP CURVES 


a streamline tip. No 
corners to collect dirt 
and no chance of it 
being pulled out of 
your hand in wiping. 

Instead of the us- 
ual mercury ballast, a low melting point alloy in a 
solid piece has been firmly and ingeniously fastened 
in the bottom of the instrument so that it cannot come 
loose even when the hydrometer is inverted. Every 
laboratory will appreciate the use of metal as ballast 
for hydrometers will break and spilled mercury is 
dangerous to have around. 

The usual high standard of accuracy of TAG Hy- 
drometers is maintained in this new instrument. 

The illustration shows graphically the structural 
features of the Nu-Typ TAG Hydrometer. 
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Portable Machine for Testing Welds 


(Oxweld Acetylene Company) 






HIS machine was developed in cooperation with Union Carbide and 

Carbon Research Laboratories, Inc., and, having successfully passed 
service tests over a period of time, is now being sold as a standard piece of 
Oxweld equipment. 

This machine weighs 165 Ibs. and measures 26 in. in overall length and 
634 in. in maximum diameter. It is a self-contained, totally enclosed unit. 
When closed for shipment, there are no projections and the machine presents 
a comparatively smooth cylindrical surface. The accompanying illustration 
shows how the machine appears when open and ready for making tensile 
tests. 

The machine consists of a tubular compression member with a set of 
grips in the head and a hydraulic cylinder block in its base. The cylinder 
block contains a communicating pump and cylinder directly machined into 
a single block, and the cylinder pressure operates a piston carrying a second 
set of grips. 

The specimen to be tested is placed between the jaws, which have spring 
grips. The release valve is closed and the pump handle, applied at the end 
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of the cylinder, is moved back and forth. A set of conical blocks has also 
been constructed to fit into the machine head in place of the grips so that 
the standard % in. diameter round specimens may be tested if desired. 
The load is measured directly in lbs. / in. * by a suitable, calibrated pressure 
gage actuated by the pressure in the cylinder. The gage is one of the essen- 
tial parts of the apparatus. When a test is finished, the pressure may be 
released by a valve and the piston may be returned to its original position 
by using the pump handle as a lever. 














This machine makes it possible to secure a tensile test result immediately 
after welds are made. This is particularly important in connection with 
qualification tests for determining welders’ ability. It also facilitates 
making periodic check tests of the operators and in many cases provides a 
ready means for testing sections cut at random by the inspector from com- 
pleted work. 

The value of this machine in overland and public utility pipe line con- 
struction is inestimable not only because periodic tests are required in weld- 
ing under procedure control, but also because portability of the machine is 
an important factor. Industrial and power plant piping contractors, and all 
industries employing welding as a production method will find this machine 
of service as an aid in maintaining procedure control standards. 


—— a 


PAPEECTIVE September 15th, Mr. B. L. Donahue becomes manager of 
the Buffalo District office of Cutler-Hammer, Inc. Mr. Donahue is 
widely known in the electrical field, having been connected with the 
Pittsburgh branch office of C-H for the past 8 years. His wide experience 
with motor control and other C-H products and their application in industry 
make him particularly suited to his new position. He is a graduate of Penn 
State College, class of 20, and holds the degree of B. S. in Electrical Engineer- 
ing. He is a member of the Association of Iron and Steel Electrical Engi- 
neers, and of Sigma Tau Engineering Fraternity. 
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Electric Motor Gas Valves 


Automatic Safety Shut-off 


(Minneapolis-Honeywell Regulator Co.) 


HESE compact, electric motor driven, spring actuated shut-off gas valves, dependable 
and quiet in operation, close automatically in event of power failure. 

Operation—When the motor is energized, the rotor drives a reduction train of spur gears 
causing the plunger to which the valve disc is fastened to rise. As long as the electrical 
circuit is closed the valve stays open. During this period the motor remains energized and 
although stalled, will not burn out nor draw much more than normal full load current from 
the line. The raising of the plunger compresses a monel metal spring. Therefore when the 
circuit is broken, either in normal operation of the control or through power failure, the spring 
forces the valve to a positive seat and gives tight shut-off. 

Motor—The motor is the standard single 
phase, shaded pole, squirrel cage induction 
type and is available for 110 or 220 
volts, 25 or 60 cycles A.C. The motor 
has a surplus of power and will function 
successfully on voltage fluctuations as 
great as 15% from normal. This unit is 
not furnished for direct current. 

The bearings require only a few drops 
of oil annually and the gear trains within 
the housing are packed with sufficient 
grease to last indefinitely. 

Valve—The valves, sturdy in con- 
struction, incorporate carefully designed 
bodies affording maximum capacity with 
minimum pressure drop. They are pro- 
vided with a %” pilot opening on both 
inlet and outlet sides in order to facilitate 
piping. A double leather diaphragm is 
used to seal gas from the valve operating 
mechanism. 

Type B22 For 2-wire Control—The 25 
watt motor unit is attached to the valve 
body by means of a clamp nut, which 
facilitates its removal from the body when 
working in restricted space. It also per- 
mits positioning to any convenient angle. 

Valves are available in sizes 34” to 2” 
inclusive. They are listed as standard by 
the Underwriters Laboratories as a final 
shut-off valve operable against gas pres- 
sures of 8 oz. per square inch. Calibration 
of these resolves the following capacity 
data, using 520 B. T. U. gas and 14" pres- 
sure drop across the valves. 





Type B22 Motor Gas Valve 


Size or VALVE FLow Size or VALVE FLow 

Wen a < ciate ive sw eale¥- SO ae, POX hour Ty *=—Eenrr 950 cu. ft. per hour 
- ae ... 475 cu. ft. per hour ae 1300 cu. ft. per hour 
1%" = .. 700 cu. ft. per hour 


Control—The Type B22 Gas Valve is designed for use with 2-wire line voltage control 
devices. In the event of prolonged current failure the valve may be opened manually by 
pulling upwards on the latch mechanism which, when engaged, continues the flow of gas to 
the burners. If the control is calling for heat upon resumption of current the latch automatic- 
ally releases as the valve opens wide. The valve then will respond to changes in the demands 
of the controller. If the controller is not calling for heat the latch must be manually tripped 


in order to recycle. 
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Type F2210—Many desirable new features have been incorporated in this more powert 
and rugged motor operated automatic shut-off gas valve, arranged for use with our “Series 1( 
low voltage control equipment. 

Within its case are compactly housed all moving parts: the 35 watt single phase brushless 
motor; a reliable transformer and relay; the reduction gear trains; the actuating monel shut-off 
spring, and other functioning parts. 

Low and high voltage terminals are arranged to facilitate connections and are all enclosed 
within this case. An extra terminal for connecting line voltage blowers, fans or signal lights 
is provided. The relay contacts for controlling these external loads are rated 10 amperes 
110 volts A. C. which is equivalent to that of a 1 H. P. Repulsion Induction or %4 H. P. Split 
Phase Motor. Also there is provision for electrical connections to a safety pilot circuit. 

Types F2210 and V30-1 Motor Gas Valves—The valve can be opened manually and, should 

electrical energy have 
failed, it automatically re 
cycles after restoration of 

power. 
" The Type F2210 Gas 
tr -2019 Valve is available in 14’, 
CTRIC I", 234 « Sea Rand 
VALVE 2%" sizes. They are rated 
: as final shut-off valves oper 
able normally against gas 
pressures of 4 oz. per square 

inch. 

For simultaneous contro! 
of the furnace secondary 
air damper a mechanically 
operated lever arm extends 
from the right of the case. 
The arm is regularly fur 
nished reverse acting with 
respect to the travel of the 
valve disc, but can be fur- 
nished direct acting on 
special order. 

The ring nut firmly 
clamping the motor and 
valve units can be easily 
removed by releasing on 
the holding screws and 
lightly tapping. 

Guides on the valve 
swivel prevent the disc 
coming down on the seat 
in a cocked position. The 
lift is about one half inch, 
which, with a body de- 
signed for minimum restric- 

tions to flow, results in the following capacity data using 520 B. T. U. gas and 4” pressure 
drop across the valves: 


ELE 


Size or VALv: Flow Size or VALVE Flow 

“%” 500 cu. ft. per hour 1100 cu. ft. per hour 
ed . 610 cu. ft. per hour tals 1800 cu. ft. per hour 
1%” . sees. 925 cu. ft. per hour I 2700 cu. ft. per hour 


Control Adaptability—There are numerous applications in the industrial field where these 
safety shut-off valves, automatically closing on power failure, should not be permitted to open 
of their own accord upon restoration of power. This can be prevented by wiring a momen- 
tary action push button station in their relay circuit. 

Often automatic shut-off valves are desired to close the fuel lines to burners of industrial 
furnaces, in case of a phase failure in the circuits to a polyphase motor which might be used in 
driving the blower supplying the primary air to the burners under control. Even though the 
motor unit of this gas valve is a single phase one, we are able through a special wiring arrange- 
ment in the motor relayjcircuit to provide these motor gas valves with complete phase failure 
protection. In accomplishing this it is necessary to utilize all available relay contacts and 
consequently it is impossible to have an external load control circuit through the relay. 
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FATIGUE TESTING. 
describes various fatigue 
designed by H. F. Moore: 
Machine, Flat Specimen Testing Machine, 
Repeated torsion Machine, Repeated Tension 
Machine, Reversed Bending Machine. J. B. 
Hayes Machine Co., Urbana, IIl. 

DIFFRACTION X-RAY APPARATUS. 
Bulletin No. 10 covers the following apparatus: 
Clark-Hayes Cassette, Oscillating Spectro- 
graph, Cylindrical Camera, Gas Type X-Ray 
Tube, Microphotc meter and enna et Head. 
J. B. Hayes Machine Co., Urbana, III. 

DIVIDING MACHINERY FOR THER- 
MOMETERS, GLASSWARE AND METALS. 
Catalogue C-24 illustrates and _ describes 
thermometer graduators, and glass, paper, wood 
or ivory dividing machines. J. B. Hayes 
Machine Co., Urbana, III. 

TUBE FURNACE, Bulletin 1014 illustrates 
the Model U Furnace tor temperatures between 
700 and 1400°C. This furnace is designed for 
combustion analysis and similar work. The 
Sentry Company, Taunton, Mass. 

HUMIDITY RECORDER. A reprint from 
the Journal of the Optical Society of America 
and Review of Scientific Instruments, J une 1926, 
pages 623 to 652. Leeds & Northrup Company 
4901 Stenton Avenue, Philadelphia, Pa. 

CHRONOGRAPHS. Catalogue B, 1930, 
24 pages illustrates and describes: tape chrono- 
graphs, drum chronographs, printing chrono- 
graphs, recording drums and accessories, re- 
cording papers, regulator clocks and chrono- 
meters, stop watches and interval timers. 
Gaertner Scientific Corp., 1201 Wrightwood 
Ave., Chicago, Ill. 

AIR OPERATED CONTROLLER. Cata- 
logue 4000 illustrates and describes completely 
the operation and application of Bristol Air 
Operated Controller Equipment. 20 pages. 
Bristol Co., Waterbury, Conn. 

INDUCTION REGULATORS. Leaflet 
L.20496 illustrates Type S Induction Regula- 
tors giving their application and distinctive 
features. Westinghouse Electric & Mfg. Co., 

East Pittsburgh, Pa. 

THERMOMETERS. Leaflet describing the 
Foxboro Indicating Thermometers which are 
made in two sizes; 5inch and 8 inch dial. All- 
metal construction. No glass tubes to break, 
or mercury to separate, easily read. It is a 
simple, practical, durable and permanently 
accurate actuating movement that gives 
absolute satisfaction to thermometer users. 
Foxboro Company, Foxboro, Mass. 

FOG HORN is a pocket booklet which is 
put out by the Parks-Cramer Company. It 
contains articles on subjects of interest to the 
textile manufacturer. ‘The October 1930 copy 
No. 61 contains the story entitled ‘‘The Ameri- 
can System of Cotton Spinning. Parks- 
Cramer Company, Fitchburg, Mass. 


Bulletin No. 5 
testing machines 
Rotating Testing 


ORIFICE METERS. 250 pages, fabrikoid 
book entitled “Principles and Practice of Flow 
Meter Engineering. This book discusses the 
application of the orifice meter for gas and 
liquid measurement. 1930, price $2.00. Fox- 
boro, Company, Foxboro, Mass. 
_PANELBOARDS. 12 page booklet identi- 
fied as Special Publication 1890. Contains 
typical panelboard specifications descriptions of 
Westinghouse panelboards, and many illustra- 
tions showing these pane Is and the ‘ir construc- 
tion. Westinghouse Electric and Manufactur- 
ing Company, East Pittsburgh, Pa. 

REFRIGERATION CONTROLS. Loose 
leaf book on the Marsh Merkustat, and auto- 
matic control unit for mechanical refrigeration. 
Bulletin 5000, 20 pages. James P. Marsh & Co 
2073 Southport Ave., Chicago, II. 

MANOMETERS. 48 page poc ket-size book- 
let entitled, ‘‘The Manometer and Its Uses." 
It is intended to fill the need for a handy and 
compact booklet dealing with the manometer, 
its operating principles and uses. Meriam Co., 
1955 West 112th St., Cleveland, Ohio. 


GEAR DATA AND FORMULAS. Catalogue 
No. 30, 96 pages gives complete information on 
the wide range of stock gears: spur, bevel, miter, 
spiral, etc. Ohio Gear Company, 1333 East 
179th St., Cleveland, Ohio. 

CONTROL PYROMETER. 
202, loose leaf, 38 pages contains the latest data 
on Republic Control Pyrometers, Valves and 
Valve Controllers. Republic Flow Meters Co., 
2240 Diversey Parkway, Chicago, II. 

RESISTANCE WIRE. 10 pages with tables, 
curves and descriptions of various electrical 
alloys, also a bulletin on Allegheny Ohmaloy. 
Gilby Wire Company, 150 Riverside Avenue, 
Newark, New Jersey. 

PYROMETERS. A new catalog featuring 
Brown Indicating, Recording and Automatic 
Control Pyrometers. This catalogue contains 
104 pages with 141 illustrations, many of which 
are in two colors. A resume of the theory and 
practice of applied pyrometry is presented, t 
gether with descriptions and illustrations of all 
instruments, thermocouples, protecting tubes 
and other required equipment. Brown Instru- 
ment Company, 4482 Wayne Ave., Philadelphia 


Pa. 

DIVIDING MACHINES. 
508 of the Societe Genevoise d’ Instruments de 
Physique of Geneva, Switzerland. It contains 
something of the history of the construction of 
linear and circular dividing machines. This 
new catalogue covers the re-design of all of their 
dividing machines in the last few years and 
represents the latest features incorporated in 
these linear and circular dividing machines. 
R. Y. Ferner Co., Investment Building, Wash- 
ington, D. C. 


Catalogue No, 


Catalogue No. 
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MOTORS. Types AD and ADS Motors 
illustrated in leaflet L 20503 gives their ap- 
plication, distinctive features, operation, and 
construction. These motors are all given 21 
distinct electrical tests during the process of 
manufacture. Westinghouse Flectric & Mfg. 
Co., East Pittsburgh, Pa. 

COMPENSATOR. Described in leaflet 
L 20505. Type RC Line-Drop Compensator, 
(rotary contactless) for use with induction 
feeder voltage regulators. Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. 

TEMPERATURES. Bulletin Number 3, 
1930 describes the old and new ways of control- 
ling a heating plant, by the Duo-Stat System. 
It is the automatic heat regulation controlled 
by the outdoor temperature for all types of 
heating plants in all types of buildings with any 
kind of fuel. F. I. Raymond Company, 629 
West Washington Blvd., Chicago, III. 


INDUSTRIAL 
INSTRUMENTS 


For a Wide Variety of 
Industrial Application: 





Engine Indicators 
Torsion Indicators 
Vibration Measuring 
Instruments 
Physical Testing 
Machines 
Special Devices 


Our English Catalog Furnished 
Without Obligation. 





Write 
Lehmann & Michels 


Abt. P. I, Hamburg-Altona, 
Germany 





WAVEMETERS. August 1930 issue of | 
Experimenter, gives the accuracy consid 
tions in the use of tuned-circuit wavemet: 
The Experimenter is published monthly 
furnish useful information about the radio a 
electrical laboratory apparatus manufactur 
by the General Radio Company, Cambridge 
Mass. 

FURNACES. A Circular naming the pla: 
that temper by the Homo Method and hard 
by the Hump Method. Also lists the plants 
using Homo nitriding furnaces. Leeds 
np Co., 4901 Stenton Ave., Philadelphia, 

a. 


MICROMETERS. A booklet entitled ‘Pr 
cision Measuring Tools"’ describes and illu 
trates the various micrometers manufactur: 
by the Swedish Gage Company, Detroit, Mic! 

AUTOMATIC CONTROL. This booklet 
describes and illustrates how automatic contro 
renders its aid as though it were humanly, 
directing your process to meet changing opera 
ting conditions and requirements freeing the 
human element from its limitations. Brown 
Instrument Company, 4482 Wayne Ave., 
Philadelphia, Pa. 

BEARING TESTER. This is a leaflet 
describing an acoustimeter for inspection of bal 
and roller bearings. The function, operation 
and advantages of the Burgess Bearing Tester 
are also_ given. Burgess-Parr Company, 
111 West Monroe St., Chicago, Ill. 

PYRATHERMS. Bulletin A-6 illustrates 
and describes a complete safety control with 
ignition cut-off, designed for flue installation 
It provides positive protection against flame 
or ignition failure. The Mercoid Corporation, 
4201 Belmont Ave., Chicago, Ill. 

CONTROLLER. This circular describes 
the new Foxboro Dye-Tub Controller, which 
fits the modern trend in piece and batch dyeing 
There are no cams, unnecessary levers or other 
needless nick-nacks to cause trouble in this new 
controller. It is of rugged simplicity and will 
give guaranteed accuracy throughout life 
Foxboro Company, Foxboro, Mass. 

SURVEYING INSTRUMENT. A circular 
entitled ‘‘Driftmeter Junior’’ giving the opera 
tion, maintenance and advantages is described 
therein. Driftmeter, Inc., 616 Exchange Bank 
Bldg., Tulsa, Okla. 

INDICATORS. Bulletin 262. describes the 
Maihak Indicator which was built with the 
experience of over a half a century. The 
different sizes and kinds of Maihak Indicators 
are given and their particular uses. Bacharach 
Industrial Instrument Co., 7000 Bennett St., 
Pittsburgh, Pa. 

POSITIVE DISPLACEMENT METERS. 
200 page book entitled ‘“‘Measurement by 
Displacement Meters."’ Price $1.00 each. 
Handbook E-4, 1930. American Meter Com- 
pany, Inc. 105 West 40th St. New York, N. Y. 





29 North Sixth Street 





WENNER RESISTANCES 


A new type of non-inductive, non-capacitive resistance 
for high frequency work, developed by Dr. Frank 
Wenner, chief of Resistance Section, Bureau of Standards. 


We are prepared to supply these resistances in units up to 10000 
ohms and in various decade combinations. 


RUBICON COMPANY 
ELECTRICAL MEASURING INSTRUMENTS 


Correspondence invited. 


PHILADELPHIA, PA. 








When writing to the above companies, please mention INSTRUMENTS 
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Of instruments and devices for measurement, inspection or control. 


If you are unable to find what you require in the Buying Section of INSTRUMENTS—write u 
and we will obtain full particulars for you without charge. Give complete information of 


a yt TESTERS 
H. Z. Schniewind 
ACIDITY RECORDERS 
Leeds & Northrup Co. 
Rubicon Company 
AIR FLOW INDICATOR 
Brown Instrument Co. 
Commercial Engg. Labs. 
Foxboro Co. 
AIR METERS 
American Meter Co. 
Foxboro Company 
ALIDADES 
ALTIMETERS 
American Paulin System, Inc. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
AMMETERS—Indicating 
General Electric Co. 
General Radio Co. 
Jewell a Instrument Co. 
Rawson Elect. Inst. 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 
Recording 
Bristol Company 
Esterline-Angus Company 
General Electric Co. 
ANEMOMETERS 
Taylor Instrument Companies 


ARMATURE TESTING EQUIP- 
MENTS 


Voiagem Elec. & Mfg. Co. 
ASPHALT TESTING APPARATUS 
Tagliabue Mfg. 
ATTENUATION NETWORKS 
General Radio Company 


secant: ~~ OSCILLA- 


General ~~ Company 
BALANCES is 


BAROMETERS — Aneroid Mercur- 


ial, Recording 
American Paulin System, Inc. 
Bristol Company 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
we temperature 


BATTERY TESTERS 
Westinghouse Elec. & Mfg. Co. 


Weston Electricai Inst. Corp. 
BOARDS: INSTRUMENTS 
Foxboro Co. 
BRAKE TESTING METER 
Leeds & hate. Co. 
BRIDGES, ELECTRICAL 


R 
CABLE TESTERS 
Leeds & Northrup Co. 
Rawson Elec. Inst. Uo. 
CALORIMETERS—Gas 
American Meter Co. 


requirements. 


CAPACITANCE METERS 
General Electric Co. 
jo Co. 
Leeds & Northrup Co. 
Kubicoy Company 
CARBON DIOXIDE METERS 
American Meter Co. 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
CARBON MONOXIDE METERS 
American Meter Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
CATHETOMETERS 
Gaertner Scientific Corp. 
CEMENT TESTING INSTRU- 
MENTS 
CHRONOGRAPHS 
Gaertner Scientific Corp. 
CHRONOMETER Ss 


liabue Mfg. Co., C. J. 
cLotKs c S—Gauge Board 


Brown Instrument Co. 
Bristol Company 


Foxboro Co. 

CLOUD & POUR TEST AP- 

PARATUS 

ot eae Mfg. Co., C. J. 

~ - a Inductance, Special. 
General io — 
Rubicon Com 

COIL TESTING EQUIPMENTS 
Leeds & Northrup Co. 
Rubicon Company 
Westinghouse Elec. & Mfg. Co. 

COLORI — 
Akatos, I 


coun owes ‘CONTROL 


PR og re Control 
Co., Ine. 
Brown Instrument Co. 
68 , Inc. 

Leeds & ere, Co. 

ce INSTRUM ane 
ral Radio Company 
COMPASSES 

Taylor Instrument,Companies 
COMPARATORS 

B. C. Ames Co. 

Federal Products Corp. 

Gaertner Scientific Corp. 

General Electric Co. 
CONDENSER LEAKAGE 

RECORDERS 

Esterline-Angus Company 

Leeds & Northrup Co. 
CONDENSERS—Electrical 

General Radio Co. 

Leeds & Northrup Co. 

Rubicon Company 
CONDUCTIVITY METERS 
Indicating, Recording, Controlling 

Esterline-A 

Leeds & N 
CONCENTRATION RECORDERS 

Esterline-Angus Company 

Leeds & Northrup Co. 


us Company 
p Co. 


CONSTANT SPEED & FRE 
QUENCY SETS 
Leeds & Northrup Co. 
CONTOUR MEASURING PRO 
JECTOR 


Bausch & Lomb Optical Co. 
CONTROLS, AUTOMATIC 
Condensation 
Tagliabue Mfg. Co., C. J 
Damper 

Automatic Temperature Control 

Co., Ine. 

Brown Instrument Co. 

Charles Engelhard, Ine. 

Foxboro Co, 

Leeds & Northrup Co. 

Tagliabue Mfg. Co., C. J 
Demand Pressure 

F rye Company 
Feed Wat 

Brown , Co 

Foxboro Co. 

Filter Rate 

Brown Instrument Co. 

Foxboro Co. 
Float 
Flow 

Automatic 

Co., Ine. 

Brown instrument Co. 

Foxboro Co. 


Temperature Contrcl 


Tagliabue Mfg. Co., C. J. 
Humidity 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Foxboro Co. 

Claud S. Gordon Co. 

Leeds & Northrup 

Tagliabue Mfg. Co., C. J. 

Tayior Instrument Companies 
Humidity & Temperature 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Foxboro Co. 

Claud 8. Gordon Co. 

Leeds & Northrup Co. 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
Liquid Level 

Automatic Temperature Control 

Co., Ine. 

Bristol Company 

Brown Instrument Co. 

Esterline-Angus Company 

Foxboro Co. 

Claud 8. Gordon Co. 
—— Mfg. Co., C. J 


jotor 

Pressure & Vacuum 
Automatic Temperature Control 

Co., Ine. 

Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Esterline-Angus Company 
Foxboro Co. 
Claud 8. Gordon Co. 
Minneapolis-Honeywell Co. 
Tagliabue Mfg. Co., U. J. 
Taylor Instrument Companies 
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Pyrometer 


Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Claud 8. Gordon Co. 

Leeds & Northrup Co. 

Taylor Instrument Companies 
Wilson-Maeulen Company, Inc 


Rate-Volume 


American Meter Co. 
Foxboro Co. 


Refrigeration 


Automatic Tempe rature Control 
Co., Inc. 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Leeds & Northrup Co. 

Westinghouse Elec. & Mfg. Co. 


Special 


Automatic Temperature Control 
Co., Inc. 
Rubicon Company 


Tachometer 


Brown Instrument Co. 
Keterline-Angus Company 
Foxboro Co. 

Claud 8. Gordon Co. 
leeds & Northrup Co. 


Temperature-Time 


Th 


Automatic Temperature Control 
Co., Ine. 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Foxboro Co. 

Claud 8. Gordon Co. 

Leeds & Northrup Co. 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Co. 

ermometer 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Foxboro Co. 

Claud §. Gordon Co. 

Leeds & Northrup Co. 

ceaeiee Mfg. Co., C. J. 
oes tee Instrument Companies 

aeulen Company, Inc. 


Thermostat 


Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 


Claud 8. Gordon Co. 
Minneapolis-Honeywell Co. 
Taylor oem Com me 
Westinghouse Elec. & Mfg. Co. 


Thickness 


Esterline-Angus Company 
H, Z. Schniewind 


Time 


Automatic Temperature Control 
Co., Ine 

Brown Instrument Co. 

Esterline-Angus Company 

Foxboro Co. 

Claud ‘8. Gordon Co. 

Stromberg Electric Co. 


iabue Mfg. Co., C. J 
unt Heater 


eater 
Minneapolis-Honey well Co. 


Vacuum 


Bristol Company 

Brown Instrument Co. 
Esterline-Angus Company 
Foxboro Co. 

Claud 8. Gordon Co. 
Meriam Co. 


Vaive—Motor Operated 


Automatic Temperature Control 
Co., Ine. 

Bristol Company 

Brown Instrument Co. 

Charles 


, Inc. 
Foxboro Co. 
Claud 8. Gordon Co. 
Minneapolis-Honeywell Co. 
Taylor Instrument Companies 


Water Level 

Bristol! Company 

Brown Instrument Co. 

Esterline-Angus Company 

Foxboro Co. 

Tagliabue Mfg. Co., C. J. 
COORINATOGRAPHS 
COUNTERS—Revolution 

Bristol Company 

Brown Instrument Co. 

Lehmann & Michels 

Z. Schniewind 
Stroke 

Bristol Company 

Esterline-Angus Company 

Lehmann & Michels 
COUPLING TRANSFORMERS 

General Radio Company 
CURRENT RECORDERS 

Bristol] Company 

Esterline-Angus Company 

Leeds & Northrup Co. 
CURRENT REGULATORS 

Westinghouse Elec. & Mfg. Co 
CYCLE COUNTERS 

General Radio Co. 

a se ey ge a a 
liabue Mfg. Co., C. J. 

ped LEROMETER 

DEFORMETER (B 

Southwark Fdy. & 
DEMAND METERS 
Gas 

American Meter Co. 

Foxboro Company 
Electric 

General Electric Co. 


ach. Co, 


Westinghouse Elec. & Mfg. Co. 


DENSITOMETERS 

Akatos, Inc. 
DENSOMETERS 

H. Z. Schniewind 
DIVIDING HEAD 
Optical 

Bausch & Lomb Optical Co. 
DIVIDING MACHINES 

Gaertner Scientific Corp. 
DRAFT GAGES—see Gages 
DYNAMIC BALANCING 

EQUIPMENT 


ae 
EARTH | CORRE NF tae METERS 
Rawson Elec. Inst. Co. 
ELECTRIC TELEMETER 
Southwark Fdry. & Mach. Co. 


ELECTRIC WAVE FILTER SEC- 
TIONS 


General Radio Com 
EMPLOYEES’ “IN A D our” 
hie wt yey 


Stroi ic Co 
ENGINE PTWDIGATORS 

Commercial Engg. 

Lehmann & Michels 
EXTENSOMETER 

“ Z. Schniewind 

uthwark Fdry. Mach. Co. 

FATIGUE TESTERS 

H. Z. Schniewind 
FAULT FINDERS 

General Radio Co. 

Leeds & Northrup Co. 

= Mere maf 

trical Inst. Corp. 

FLASH nA “4 BURNING POINT 


Akates Inc. 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Co. 
FLOW METERS 

American Meter Co. 

Brown Instrument Co. 


Rawson Electrical Instr Co. 


rome TESTER 
H. Z. Schniewind 
FREQUENCY METERS 
Indicating 
General Electric Co. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co 
Weston Elec. Inst. Corp. 
Controlling 
Leeds & Northrup Co. 
Recording 
Bristol Company 
Esterline-Angus Company 
Northrup Co. 
Standards 
General Radio Co. 
FUEL ANALYSIS APPARATUS 
Burgess-Parr Co. 
FUEL FLOW INDICATOR 
Commercial Engg. Labs. 
FURNACE CONTROLS 


4 Temperature Contr 


, Inc. 
GAGE RODS 
Tagliabue Mfg. Co., C. J. 


GAGES 


Absolute Pressure 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
Amplifying 
B. C. Ames Cu. 
Federal Products Corp. 


Comparator 
B. C. Ames Co. 
Federal Products Corp. 


Federal Products Corp. 


Depth 
%. C. Ames Co. 
Federal Products Corp. 


Dial 
B. C. Ames Co. 
Federal Products Corp. 
H. Z. Schniewind 


Differential Pressure 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 

Claud 8. Gordon Co. 
Meriam Co. 
Tagliabue Mfg. Co., C. 


Draft 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Claud 8. ea Co. 
Meriam Co. 
Tagliabue Mfg. Co., C. J. 
. aa Instrument Companies 
r 
e a & Lomb Optical Co 
rind 
Federal Products Corp. 
Liquid Level 
ristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co. 
eriam Co. 


Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companie 
Loss of Head 

Brown Instrument Co. 

Fox 0. 

M Co. 


eriam 
= Diameter 
ederal Products Corp. 
Pocket 
H z. Schniewind 





z. 


| 


vo 
gg tet eet et ed 
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Pressure 
American Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Meriam Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


Pressure-T emperature 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 

Claud S. Gordon Co. 
Leeds & Northru toe: 
Tagliabue Mfg. Co., C. J. 
Taylor Testrament Cos. 

Pressure & Vacuum 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 

General Electric Co. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Meriam Co. 


Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


file 
Bausch & Lomb Optica! Co. 
Ral 


in 
Taylor Instrument Companies 
ecordl 




























ng 
Distance 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Company 
Claud 8. Gordon Co. 










Strain 
Southwark Fdry. & Mach. Co. 


Thickness 
B. C. Ames Co. 
Esterline-Angus Company 
H. Z. Schniewind 


Volume 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 

Water Level for Bollers 
Bristol Company 
Brown Instrument Co. 








Brown Instrument Co. 

Taylor Instrument Companies 
GALVANOMETERS 

Brown Instrument Co. 

8 , Inc. 

General io Co. 

Claud 8. Gordon Co. 

Jewell Electrical Instrument Co. 

Leeds & Northrup Co. 

Rubicon Company 

Westinghouse Elec. & Mfg. Co. 

Weston Electrical Inst. Corp. 


GAS ANALYTICAL METERS 
Chemical 
American Meter Co. 
Tagliabue Mfg. Co., C. J. 
Electrical 


— Instrument Co. 
les Engelhard, Inc. 
penn & Northrup Co. 


” LEAK INDICATORS 
aylor Instrument Companies 
GasM ETERS 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 
GASOMETERS 
American Meter Co 
GEOPHYSICAL INSTRUMENTS 
Akatos, Inc. 


GOVERNORS 


Laboratory Dry & Wet Gas 
American Meter Co. 
Pressure 
Bristol Company 
Brown Instrument Co. 
Leeds & Northrup Co. 
we Mfg. Co., C. J. 


Tegliabue Mfg. Co., 
aus dig sang TESTERS 


Akatos, 

GREASE TESTING APPA.RATUS 
iabue Mfg. Co., C. J 
andti ND DETECTORS 
weeds & Northrup Co. 

Reine Company 

Westinghouse Etec. & Mfg. Co. 

Weston Electric Inst. Corp. 
GROUND-OHMER 

Leeds & Northrup Co. 

Herman H. Sticht & Company 
GYPSUM TESTING INSTRU- 

MENTS 


H. Z. Schniewind 
HARDNESS TESTERS 

Akatos, Inc. 

Claud 8. Gordon Co, 

H. Z. Schniewind 

Wilson-Maeulen Company, Inc. 
HARMONIC ANALYZERS 

Leeds & Northrup Co. 
HELIOSTATS 

Gaertner Scientific Corp. 
HIGH FREQUENCY APPARATUS 
HIGH VOLTAGE 
Indicators 
Measuring Devices 

General Electric Co. 

Westinghouse Elec. & Mfg. Co 
Testing Devices 

anne hme! Co. 

Elec. & Mfg. Co. 

HUMIDITY CO CONTROLLERS 

Bristol Company 

Charles Engelhard, Inc. 


Foxboro Co. 
HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
HYDROGEN ION METERS 


Indicati 
Leeds & Northrup Co. 


Rubicon Company 
a ety Recordi 


Leeds & Northrup Co. 

HYDROMETERS 
Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
HYGROMETERS 

Brown Instrument Co. 

Foxboro Co. 

H. Z. Schniewind 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
IMPACT HARDNESS TESTER 

H. Z. Schniewind 
IMPACT — MACHINES 

Akatos, Inc. 

H. Z. Schniewind 


INDICATORS See Gauges 
INDUCTANCE: 

General Radin C 0. 

Leeds & Northrup Co. 

Rubicon Company 
yo ee C 


Instruments Publish 
INSTRUMENT CALIBRATION 
AND REPAIRS 
Claud 8. Gordon Ge. 
Jewell Electrical Instrument Co. 
Rubicon Company 


INSTRUMENT TRANSFORMERS 
General Electric Co. 
Jewll Electrical Instrument Co. 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 
INSULATION TESTING EQ iP. 
MENT 


General Electric Co. 
Leeds & Northrup Co. 
sea Company 
Westinghouse Elec. & Mfg. Co. 
INTEGRAPHS & INTEGRATORS 
Leeds & Northrup Co. 
INTERFEROMETERS 
Gaertner Scientific Corp. 
JOB TIMING RECORDERS 
Stromberg Electric Co. 
KEYS AND SWITCHES 
General jo Co. 
Leeds & Northrup Co. 
Rubicon Company 
KILNBOY 
Foxboro Co. 
KILOVOLT AMPRERE METERS 
Esterline-Angus Company 
KLYDONOGRAPHS 
Westinghouse Elec. & Mfg. Co. 
See 
liabue Mfg. Co., C. J. 
LEN TH MEASURING 
MACHINES 
Gaertner Scientific Corp. 
H. Z. Schniewind 
LEVELS 
Centering 
Bausch & Lomb Optical Co. 
Enginerr’s, Wye, Precision 
Prism 
Taylor Instrument Companies 
LIME TESTING INSTRUMENTS 
LOCOMOTIVE INDICATORS 
Lehmann & Michels 
LUSTER METERS 
Akatos, Inc. 
MAGNETOMETERS 
Rubieon Company 
MANOMETERS 
American Paulin System, Inc. 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 
MASTER CLOCKS 
Gaertner Scientfiic Corp. 
Stromberg Electric Co. 
MEASUREMENT BOOKS 
Instrument Publishing Co. 
MEGOHMMETERS 
Leeds & Northrup Co. 
Rubicon Company 
Herman H. Sticht and Company 
MEGOHM VOLTMETERS 
Jewell Electrical Instrument Co 
Weston Electrical Inst. Corn 
MELTING POINT APPARATUS 
Claud 8. Gordon Co. 
Tagliabue Mfg. Co., C. J. 
ee PROVERS, Gas 
can Meter Co. 
METER TESTERS, Gas 
American Meter Co. 
MICROMETERS 
Gaertner Scientific Corp. 
H. Z. Schniewind 
MICROAMMETERS 
General Electric Co. 
Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co 
Weston Electrica] Inst. Corp. 
Wilson-Maeulen Company, Inc 
MICROFARADMETERS 
General Radio Co. y 
Jewell Electrical lustrument Co. 
is & Northrup Co. 
Rubicon Company 
Weston Electrical Inst. Corp. 
MICRO PYROMETERS 
Akatos, Inc. 
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MICROSCOPES 
Brinell 


Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
Claud 8. Gordon Co. 
ti niewind 
Spencer Lens Co. 
Metal 
Akatos, Inc. 
Bausch & Lomb Optical Co. 
Claud 8. Gordon Co. 
Spencer Lens Co. 
Petrographical 


Akatos, Inc. 
Bausch & Lomb Optical Co. 
Lens Co. 
T kers’ 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
Spencer Lens Co. 
MICROTOMES 
| wma & beer, > Optical Co. 


Spencer Lens 
MIL LIAMMETERS 
harles Engelhard, Inc. 
General Electric Co. 
General Radio Co. 
Jewell Electrical Instrument Co. 


Rawson Electrical Instrument Co. 


Weston Electrical Inst. Cor, 
Wilson-Maeulen Company, he. 
MILLIVOLTMETERS 
rower ompany Ine 
harles Engelhard, 
Comet Electric Co. 
Jewel: Electrical Instrument Co. 


Rawson Electrical Instrument Co. 


Taylor Instrument Com 
ro ne ny pot 


n-Maeulen 
MOTOR RADIATOR V 
Minneapolis-Honey well 
MOTION RECORDERS 
Mechanical 


— 


ne. 
ALVES 


Leh: 
MULTIMETERS 


Electrica] Instrument Co. 


Rawson 
MULTIPLIERS 
Jewell Electrical en Co. 
Leeds & Northru 
Weston Hlostricat ost Inst. Corp. 
NEON FILLED TUBES 
NEPHELOMETERS 


io Co. 

Jewell Electrical Instrument Co. 

Leeds & Northrup Co. 

Rawson Riectrical Instrument Co 

Rubicon Company 

Herman H. Sticht and Company 

Weston Electrical Inst. Corp. 
OIL METERS 

Claud 8. Gordon Co. 
OIL TESTING APPARATUS 

General Electric Co. 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
OPERATION RECORDERS 
Electrical 


Bristol Company 
Brown Instrument Co. 


ORIFIC 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 


Meriam Co. 
ORSAT APPARATUS 
OSCILLOGRAPHS 

General Electric Co. 


io Co. 
Westinghouse Elec. & Mfg. Co. 


OXYGEN RECORDERS 


Tagliabue Mfg. ., C. J. 
PANTOGRAPHS 
Gaertner Scientific Corp. 
PERFORMANCE METER 
PERMEAMETERS 
Leeds & —- Co. 
Rubicon Compa: 
PAPER TESTING | iNSTRU- 
MENTS 


H. Z. Schniewind 
Spencer Lens Co. 
PERISCOPES 
Bausch & Lomb Optical Co. 
Gaertner Scientific Corp. 
PHASE INDICATOR 
Westinghouse Elec. & Mfg. Co. 
renee ae ron 


ruatannenies COLOR 
ANALYZERS 
General Electric Co. 


PHOTOELECTRIC COLOR COM- 
PARATOR 
General Electric Co. 
Bir schcint  cwho 2 TUBES 


eneral Electric Co. 
PHOTOMET ERS 


American Meter Co. 
Gaertner Scientific Corp. 
Bausch & Lomb Optical Co. 
& Northrup Co. 
PHYSICAL TESTING MA- 
CHINES 
Claud 8. Gordon Co. 
Lehmann & Michels 
H. Z. Schniewind 
Southwark Fdry. & Mach. Co. 
PITOT TUBE METER 
Brown Instrument Co. 
Foxboro Co. 
PLANIMETERS 
Automatic Flow Record 
Brown Instrument Co. 
Linear 


Brown Instrument Co. 
Lehmann & Michels 
Radiat 


Anoine Meter Co. 
ris' company 
Foxboro _ 

are Root 


wot bo Co. 
POLARISCOPES 
Akatos, Inc. 
Gaertner Scientific Corp. 
POSITION RECORDERS 
Bristol Company 
Esterline-Angus Company 


Foxboro Co. 
be yg DETECTORS 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co. 
POTENTIOMETERS Indicating 
Brown Instrument C 
General Electric Co. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
ae Company 
riven to & Controlting 
General Electric Co. 
Claud 8. Lon ~ 4 


WER FACTOR ME} 

POWER FACTOR ETERS 

Esterline-Angus Company 
General Electric Co. 
Jewell Electrical Instrument Co. 
Westinghouse Elec. & Mig. Co. 
Weston Eelectrical Ins 

POWER FACTOR REGULATORS 


Rubicon Company 
Westinghouse Ttleo. & Mfg. Co. 


PRESSURE RECORDERS 
a ey, “tae Company 
Foxboro 
PRICESS TIMING AND SIG- 
Pn ens —e 


tromberg Electric Co. 
PROGRAM INSTRUMENTS 
Automatic Temperature Contr: 
Co., Inc. 
ic Co. 


Stromberg Elec 

PROJECTION CANTERNS 
Bausch & Lomb Optical Co. 
Spencer Lens Co. 


PROTRACTOR 


tical 
Bausch & Lomb A ical Co. 
eer obama 


ecord! 

Bristol Company 

Foxboro Co. 

Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


Ing 

Taylor Instrument Companies 
PYROMETERS 
Optical 


p 

Claud 8. Gordon Co. 

Leeds & Northrup Co. 
Pyrometer Instrument Company 


Radlation 
Indicating 
Brown Instrument Co. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Pyrometer Instrument Company 
Taylor Instrument Companies 
Recording 
Brown Instrument Co. 
Leeds & Northrup Co. 
Taylor Instrument Companies 


Thermo-electric 
Immersion 
Bristol Company 
Brown Instrument Co. 


Charles Engelhard, Inc. 

Claud 8. Gordon Co. 

Leeds & Northrup Co. 

Pyrometer Instrument Company 

Taylor Instrument Companies 

Wilson-Maeulen Company, Inc. 

Indicating 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Claud 8. Gordon Co. 

Leeds & Northrup Co. 

Taylor Instrument Companies 

vetne ouse Elec. & Mfg. Co. 
aeulen Company, Inc. 

Controlling 


Charles Engelhard, Inc. 
Claud 8. Gordon Co. 
a & Northrup Co. 
Won Instrument Companies 
n-! yoo Company, Inc. 


Bena “osm 
Brown sore one A Co. 
Charles , Inc. 
Claud 8. Gordon Go. 
Leeds & Northrup Co. 
et vag wearin Lewin Vie apd 
lor 
RADIO FREQUENCY "OSCILLA- 


General Radio Company 
RADIO SET ANALYZERS 

General Radio Company 

Jewell Electrical Instrument Co 

Weston Electrical Inst. Corp. 
RADIO TUBE CHECKERS 

General Radio Company 

Jewell Electrical Instrument Co. 

Weston Electrical Inst. Corp. 
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RADIO TEST PANEL 
Jewell Electrical Instrument Co, 
Weston Electrical Inst. Corp. 

SepmactoneEr ERS 

Akatos, Inc. 
ae & Lomb Optical Co. 
Spencer Lens Co. 
REGULATORS See Controls 


RELAY: 
General Electric Co. 
General Radio Co. 
Claud 8. Gordon Co. 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co. 
Westinghouse Eleo. & Mfg. Co. 
Weston Electrical Inst. Corp. 


REMOTE METERING EQUIP- 
MENT 


Bristol Company 
Brown Instrument Co. 
General Electric Co. 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co. 
RESISTANCES—Evectricat 
General Radio Co. 
Leeds & Northrup Co. 
Spencer Lens Co. 
RHEOSTATS 
General Radio Co. 
Rubicon Company 
Spencer Lens Co. 
ROTOSCOPE 
Commercial Engg. Labs. 
RUBBER TESTING INSTRU- 
MENTS 
H. Z, Schniewind 
SACCHARIMETERS 
Akatos, Inc. 
Bausch & Lomb Optical Co. 
- ors Lens Co. 
aylor Instrument Companies 
SACCHROMETERS 
‘agliabue Mfg. Co., C. J. 
SALINITY INDICATORS 
Leeds & Northrup Co. 
Rubicon Company 
SCALES 
Amthor Testing Instrument Co 
Gaertner Scientific Corp. 
H. Z. Schniewind 
SCRATCH HARDNESS TESTER 
SEISMOGRAPHS 
Akatos, Inc. 
SERVICE RECORDERS 
Esterline-Angus Company 
SHUNT METERS 
SHUNTS 
Esterline-Angus Company 
Jeweli Electrical Instrument Co. 
Leeds & Northrup Co. 
Rubicon Company ac 


Weston Electrical Inst. Corp. 
SIGNALLING DEVICES ~Anto- 


matic 
Brown Instrument Co. 
Stromberg Electric Co. 
SLIDE RULES 
SOIL PRESSURE CELLS 
SPECIAL INSTRUMENTS 
Burgess-Parr Co. 
Meriam Co. 
H., Z, Schniewind 
SPECIAL ELECTRICAL IN- 
STRUMENTS 
Brown Instrument > 
les Engelhard, Inc. 
ee Company 
General Radio Co. 


ical Inst. Corp. 
SPECIAL RECORDING DEVICES 


Esterline-Angus Company 








SPECIFIC GRAVITY APPARATUS, 


American Meter Co 
eee 
Gaertner Scientific Corp. 
SPECTROSCOPES 
katos, Inc 
Bausch & an Optical Co. 
er — Corp. 


cer Lens 
SPECTRO PHOTOMET ERS 


Akatos, 
Bausch & a Optical Co. 
Gaertner Scientific Corp. 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Esterline-Angus Company 


STANDARD CELLS 
Weston Electrical Inst. Corp. 


STEEL TAPES 
STOP WATCHES 

American Meter Co 
STRAIN GAGE 

Southwark Fdry. & Mach. Co. 
STRESS INDICATOR 
STROBOSCOPES 


ommercial . Labs. 
SULPHUR DIOXIDE METERS 


Tagliabue M C.J. 
SULPHUR DETERMINATION 
APPARATUS 


u! Parr Co. 

Tagliabue Mfg. Co., C. J. 
SUNSHINE RECORDERS 

Charles Engelhard, Inc. 

Leeds & Northrup Co. 

Taylor Instrument Companies 
at CATALYST 
SURGE INDICATORS 

General Electric Co. 

SURGE RECORDERS 
Esterline-Angus Company 
General Electric Co. 

SYNCHRONIZING FORKS— 

Electrical 


General Radio Co. 

Leeds & Northrup Co. 
by ig 

Brown Instrument Co. 

TACHOMETERS 

Amthor Testing Instrument Co. 

Bristol Company 

Brown Instrument Co. 

oo my, a Company 

‘ox 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co. 
rometer Instrument Company 
. Z. Schniewind 

Herman H. Sticht & Company 

Westinghouse Etec, & Mfg. Co. 

Weston — Inst. Corp. 
TELESCOPE 

Bausch & Sit Optical Co. 

Gaertner Scientific Corp. 


TENSILE TESTERS FOR PAPER 
TS, ETC. 


W tsibor Testing I trument C: 
mthor nstrument Co. 
Schniewind 


Z. 
TENSIOMETERS 
TENSOMETER. Fs 
ui ) 
Southwark Fdry. & Mach. Co. 
TESTERS, Gas 


American Meter Co. 
TESTING MACHINE— 

niversal 

Claud 8. Gordon Co. 


H. Z. Schniewind 
Southwark Fdry. & Mach. Co. 





TEXTILE TESTING IN- 
STRUMENTS 
H. Z. Schniewind 
THEODOLITES 


THERMIONIC OXIDE RECTI- 
FIERS 


General Electric Co. 


THERMO-JUNCTIONS (Electric) 
General Radio Co. 
Rawson Electrical Instrument Ca 


THERMOMETERS 


Gas Filled 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Claud S. Gordon 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


Mechanical 
American Meter Co. 
Brown Instrument Co 
Foxboro Co. 
Tagliabue Mfg. Co. C. J 
Mercurial 
Claud 8. Gordon Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
Resistance 
Brown Instrument Co. 
Charles Engelhard, Ino. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Wilson-Maeulen Co., Inc. 


Vapor-Tension 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Claud 8. Gordon Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
Wet & Bulb 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Claud 8. Gordon Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 


THERMOSTATS 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Claud S. Gordon Co. 
Minneapolis-Honeywell Co. 
Taylor Tos trument Companies 
Tagliabue Mfg. Co., C. 


TIME OPERATION RECORD- 
ERS 


Bristol Company 
Esterline-Angus Company 
Foxboro Co. 

Claud 8. Gordon Co. 
Tagliabue Mfg. Co., C. J. 


TIME RECORDERS 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Company 
Gaertner Scientific Corp. 
Claud 8. Gordon Co. 
Foxboro Co. 


TIME SWITCHES 
General Electric Co. 
Claud 8. Gordon Co. 
Westinghouse Elec. & Mfg. Co 


TIME STAMPS—Automatic 
Stromberg Electric Co. 


IME SYSTEMS—Electric 
Stromberg Electric Co. 
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TIMERS 
Leeds & Northrup Co. 
Rawson Elec. Inst. Co. 
Stromberg Electric Co. 

TINTOMETER 

TORSIOGRAPH 

hmann & Michels 

TRANSFORMERS 
Esterline-Angus Company 
General Electric Co. 
General Rad 


TRANSITS | . = 
8, ‘eyors, Wine, 
a teertct Selentific Corp. 


—. Instrument Companies 
bing = 14 FORKS—Electrically 


General Radio Co. 
Gaertner Scientific aaa 
ee & — 0. 
Rubicon Com 

“U” TUBE MANOMETERS 
Amthor Testing Instrument Co 
Meriam Co. 

VACUUM RECORDERS 
Esterli a ym 

rline-Angus Company 

Foxboro Co. 

VACUUM TUBE BRIDGES 
General Radio Company 

VALVES 

Automatic Shut Off 
Automatic Temperature Contro 

Co., Ine. 

Bristol Company 
Brown Instrument Co. 
Charles , Inc. 
Foxboro Co. 


Claud 8. Gordon Co. 

Minneapolis Honeywell Co. 

Tagliabue Mfg. Uo., C. J 

Balanced 

Automatic Temperature Control 
Co., Inc. 

Brown Instrument Co 

Fox Yo. 

Claud 8. Gordon Co. 


Onan ! tol Company 

Foxboro Co. 

Claud 8. Gordon Co. 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
Electrically Operated 

—— Temperature Control 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

General Electric Co. 

Claud 8. Gordon Co. 

Minneapolis Honeywell Co. 

Reducing 

Claud % Gordon Co. 

Tagliabue Mfg. Co., C. J. 
Regulating 

Automatic Temperature Control 

Co., Iac. 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Foxboro Co. 

Claud 8. Gordon Co. 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
Safety, Fuel Shut-off 

Claud 8. Gordon Co. 

Minneapolis-Honeywell Co. 

Tagliabue Mfg. Co., C. J. 


VENTURI METERS 
Brown Instrument Co. 
Foxboro Co. 


VIBROGRAPH 
Commercial Fingg. Labs. 
Lehmann & Michels 


VIBROMETER—DAVEY 
Commercial Engg. Labs. 


VIBROSCOPE 

Commercial Engg. Labs. 
VISCOSIMETERS 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
VISCOSITY TUBES 


VOLTAGE DIVIDERS 
General Radio Co. 
VOLT-AMMETERS 
Esterline-Angus Company 
General Electric Co. 
Jewell Electrical Instrument Co. 


General Electric Co. 
General Radio Co. 
Jewell Electrical Instrument Co. 
Leeds & Northrup Co. 
Rawson Electrical Instrument Co 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 
Recording 
Bristol Company 
Esterline-Angus Company 
General Electric Co. 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co. 
——— Oxide Rectifers 
General io Co. 
WATER METERS 
Foxboro Co. 
WATER & SEDIMENT APPA- 
RATU 


Tagliabue Mfg. Co., C. J. 


WATTHOUR METERS 
General Electric Co. 
Westinghouse Elec. & Mfg. Co. 


WATTMETERS 
Indicatin 
Gen Electric Co. 
Jewell Electrical Instrument Co. 
Rawson Electrical Instrument Co 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 
Recording 
Bristol < Company 
Esterline- Angus Company 
General Electric Co. 
WAVEMETERS 
General Radio Co. 
WAX MELTING APPARATU | 
Tagliabue Mfg. Co., C. J. 





Comparators 
Amplifying Gauges 
Thickness Gauges 


Gear Toote Com 
Cutter Testin 
Internal and 


DIAL INDICATORS ff, 


Fouste Gauges 
bber Gauges 
ft Coengnaneer Gauges 


rators 
uges 


xternal 


Grinding Gauges 


Caliper Gauges 


Federal Products Corporation 
Providence, R. I. 


CLEVELAND DETROIT NEW YORK 


CHICAGO 
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Ames Micrometer Gauges 


for speed and extreme accuracy 

For almost every testing and meas ing re- 
quirement—Precision Instruments for laboratory 
use — Upright Dial Gauges—Thickness Gauges— 
Dial Gauge Heads— Pocket Gauges — Com- 
parators — Densimeters — Lens Measures — 
Halftonometers — Paper Gauges — Rubber 
Gauges—Automotive Gauges. 


Send for complete 
information obout them 


B.C.AMES CO., Waltham, Mass. 
Detroit Office, 902 Stephenson Bldg. 


ADVERTISERS? INDEX 


A L 
Akatos, Inc., 114 Liberty St., New York, Leeds & Northrup Co., 4901 Stenton Ave., 
N. ¥. , : Philadelphia, Pa. 12 
Lehmann & Miche “ls, Abt. I, Hamburg 
Altoona, Germany 16 





Ames Co., B. C. Waltham, Mass. ; 
Automatic Temperature Control Co., 34 E. 
Logan St., Philadelphia, Pa........... ) M 
B Meriam Company, Madison Ave., atgW. 
ad 112 St., Cleveland, Ohio , 708 
= “a + & a gaa Co., 637 St. Paul . Minne apo'is- Honeywell Regulator  Co., 
Rochester, } — of 735 Foufth Ave., So. Minneapolis, 
beers Company, Wate aay Conn. Minn. 
Back Cover 
Brown Instrument Company, 4482 Wayne : : R 5 
Ave., Philadelphia, Pa. ‘ 3 Rawson Electrical Instrument Co., 
Windsor St., Cambridge, Mass. 
E Rubicon Company, 29 North Sixth St., 
Philadelphia, Pa. Re 


90-92 


Esterline - otencmne Company, Indianapolis, 
ie T 
F Tagliabue = Co., C. J. Park and Nos- 
" : : trand Aves., Bro okly “a, WN.. ¥. 
Federal Products Corp., Providence, R. I. 2: wai a ” Inside Front Covet 
Foxboro Co., Inc., Foxboro, Mass. j Taylor Instrume 7 Cos., 95 Ames St., 
Rochester, N. Inside Back Cover 
Gaertner Scientific Corp., 1201 Wright- sl ‘ 
wood Ave., Chicago, Iil.....20000... 23 Westinghouse Elec. & Mfg. Co., Newark, 
General Electric Co., Schenectady, N. Y. N. 


J 
Weston Electrical Instrument Corp., 591 
General Radio Company, panmrder. A., Frelinghusen Ave., Newark, N. J. 
Massachusetts... Par poe : Wilson-Maeulen Co., 387 Concord Ave., 


Gordon, Claud S., C hicage. Ill. : 7 New York, 





SPEED INDICATOR «PROBATOR” 


Accurate, Substantial, 
Munger oF and Inexpensive Speed 
ELAPSED Indicator with Anti- 
magnetic Stop Watch. 
The instrument will 
work in both directions; 
is not affected by exter- 
DiALS To. 0000 0. rove nal forces, and will di- 
; surrorncavné = rectly indicate R. P.'M. 
from 0 to 6000. 


THE GAERTNER SCIENTIFIC CORPORATION 
1201 Wrightwood Avenue Chicago, U.S. A. 
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INDEX CARD SECTION 


A file card index will be a valuable asset. It is suggested that this index information be cut out 
mounted on cards, and filed in your desk or in a file box on top of your desk. You will then 
have within easy reach an index of instrument information of incalculable value. 





Hanpsoox or INpustRIAL INSTRUMENTS. 
M. F. BEHAR,, INSTRUMENTS, Vol. 3, No. 11, pages 659-680, 23 figs. 


Chapter IX—lIndustrial Humidity Instruments (concluded). This instalment covers: Recording 
Instruments—Two-Pen Recorders, Psychrometric Single-pen Instruments, Hygroscopic Recorders, Abs: 
lute Humidity Recorders. Automatic Control—Principles of Humidity Control, Classes of Applica- 
tions, Relation of Humidity Control to Air Conditioning, Classes of Humidity Control Instruments, 
Humidity Apparatus. 





A Cxatnomatic BALANCE FOR MEASURING THE MAGNETIC SuSCEPTIBILITY OF Monet METAL 


EDWARD T. POST, INSTRUMENTS, Vol. 3, No. 11, pages 681-684, 3 figs. 


Furnace described and illustrated. 





MEASUREMENTS—INDUSTRIAL AND SCIENTIFIC. 


DR. WALTER BLOCK, INSTRUMENTS, Vol. 3, No. 11, pages 685-693, 7 figs. 


Chapter VIII. Measurement of Volumes (concluded). Water Meters and gas meters are discussed 


MEASUREMENT OF AIR FLow. 


E. OWER, INSTRUMENTS, Vol. 3, No. 11, pages 695-704, 7 figs. 


Chapter VII. The Vane Anemometer. Several types are described. 





Automatic Control Equipment 


Devices for the Regulation of 
TEMPERATURE CHEMICAL ANALYSIS 
PRESSURE TIME CYCLE 
LEVEL FLOW 
Special Controllers to Meet any 
Control Problem 


Automatic Temperature Control Co. "Penns. ” 











Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 





Frequency Standards - Tube and Tuning Fork Oscillators - Resistance Boxes 
Bridges - Calibrated Inductors - Variable Air Condensers + Voltage Dividers 
Attenuation Networks - String Oscillograph - Thermionic and Oxide- 
Rectifier Voltmeters - Accessories: Rheostats, Transformers, Relays, etc. 


GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 
for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 


When writing to the above companies, please mention INSTRUMENTS 





: HESE Tycos Flush-Mounted In- 
- struments are designed for 


panel-board installations and 
can be supplied as Recording Ther- 
mometers, Recording Pressure 
Gauges, Recording Temperature Reg- 
ulators, or Recording Pressure Regu- 
lators. 


They are available as recording instru- 
ments with one, two or three pens and 
as regulators to control one or two 
temperatures or pressures or one 
temperature and one pressure. 

All the finest features of Tycos Re- 
cording Thermometers and Regu- 
lators are embodied in the Flush- 
Mounted Instruments. 


Taylor /nstrument Companies 


ROCHESTER, N. Y., U.S. A. 


In Canada In Great Britain 
Taylor Instrument Companies Manufacturing Distributors 
of Canada, Ltd. Short & Mason, Ltd. 
Tycos Building, Toronto London, E-17 


° fem perature 
NCOS Instruments 


NG «© RECORDING «© CONTROLLING 





BRISTOL’S 


Temperature Control Instrument 





Cost Per High 


December 1929 $503.44 55 
835.09 57 
520.73 73 
268, 33 63 


$2,427.59 


January 1930 
February 1930 
March 1930 


1929-1930 
Total Cost 


1928-1929 
Total Cost 


$3,399.77 
Difference $ 972.18 
C = 250 

$3 


RJJ: DR 
5/13/30- 


“Effect 
Saving of 
*9(2-15 


In Four Months” 








OME years ago a group of 
~ Gas Engineers were dis- 

cussing the comparative 
cost of manual vs. automatic 
control as applied to main- 
taining uniform seal water 
temperatures on a 3,000,000 ft. holder. 
No definite figures seemed to be available . . so 
one man decided to run a test of his own. He 
remembered having an old steam flow meter 
atthe plant. This he installed on the steam 
line to holder. Telling his men to operate as 
usual and disregard the meter he kept a close 
check on steam consumption during the winter 
season of 1928-1929. 


Before the next cold weather season of 1929-1930, 
Bristol’s Low Temperature Control Equipment 
was installed as shown in the illustration. 
This equipment consisted of a Thermostat Con- 
troller, Motor Operated Controller Valve and 
Recording Thermometer. The Motor Operated 
Valve is not shown here, but was installed in- 
side the plant on the main steam feeder line to 
holder. The Controller and Motor Valve 
operated together to automatically turn on and 


Branch 
Offices 
Boston 
New York 
Philadelphia 
Pittsburgh 


COST OF HEATING FI. _H 


i. Maen. ee. en 


Steam turned off Holder March 24, 1930, 


Bristol Thermometer Control used during winter 1929-1930, 


10 3501 

10 31.8 
4 36.0 

16 39.9 





shut off steam flow as demanded by changes in 
seal water temperature; the recording ther- 
mometer providing a continuous chart record 
of actual temperatures maintained. 


Due to the interest shown in this experiment 
very careful records were kept—records which 
we were very kindly granted permission to re- 
produce. The net saving of $972.18 shown on 
the record sheet should prove very interesting 

-.a saving, by the way, which more than 
paid for the entire control equipment three 
times over. 


So successful was this initial control job, that 
similar control units were ordered for installa- 
tion on remaining holders. 


For complete information, prices, etc., write 
to The Bristol Company, Waterbury, Connecti- 
cut, or to nearest Bristol Branch Office. Field 
Engineering Service without obligation. 


Branch 
Offices 
Detroit 
Chicago 
St. Louis 
Denver 
Los Angeles 





Birmingham 


Akron nstruments 


San Francisco 








